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The settlements of the Americas and Oceania are particularly fascinating topics. On the one 
side is the settlements of Australia and New Guinea (30,000 – 50,000 years ago) were the 
scenarios of one of the earliest migration events carried out by modern humans after left Africa, 
while Polynesia around 3,000 years ago was the stage of the last major colonization event. 
Regarding America, despite broad agreement that the Americas were initially populated via 
Bering, during the Upper Pleistocene 14,600 years ago, it is still a topic controversial, 
mysterious, shifting, and continuously conflictive as the Ice Age archaeology of the Americas, 
since, the dates and routes of the peopling of the Americas remain unresolved. Thus, ancient 
DNA studies on archaeological human remains from Oceania and America are useful to explore 
the genetic history of these human groups. Given that Near Oceania colonization was the 
endpoint of one of the earliest Out-of-Africa migrations about 50,000 years ago, and the islands 
of East Polynesia were the last region of the world to be colonized by humans approximately 
1,000 years ago. Whilst, in America, one of the most contentious issues is whether the 
settlement occurred by means of a single migration or migration streams of migrations from 
Siberia. Because the gene flow is an important mechanism that contributes to genetic diversity 
among populations, the presence or absence of certain haplogroups changes the distribution of 
genetic diversity within populations. Thus, to understand the population dynamics of Oceanians 
and American peoples before European contact, it was necessary to describe the grade of 
nuclear and mitochondrial DNA genetic variation. One hundred twenty-five paleo-
anthropological remains were analysed via genotyping of six short tandem repeats (STR) 
markers (nuclear DNA). Moreover, the genetic variation, inferences of demographic histories 
and clustering trends of these samples were evaluated through the hypervariable segment I 
(HVSI) of mitochondrial DNA (mtDNA). 35% of the archaeological remains analysed were 
genotyped successfully. Mitochondrial genetic diversity observed in Oceanian, South American 
and Panamanian samples reflected the genetic drift effects on these individuals through the 
founder effect, which happened during Upper Pleistocene when the modern humans reached 
these regions for the first time. The inferences of historical demographic patterns suggest that 
ancient individuals from Oceania went through population expansion about 37,972 years ago, 
which is consistent with the initial colonization of Melanesia. Whilst, ancient individuals from 
South America and Panama went through population expansions about 14,150 and 9,468 years 
ago, respectively, correspond to the initial settlement of America during the Upper Pleistocene. 
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The clustering patterns showed that ancient individuals from Bismark Archipelago and Papua 
New Guinea, and the ancient individuals from New Zealand and Samoa exhibited greater 
affinity with each other. The cluster branch of America exhibited genetic affinities between 
ancient Panamanian and South American samples, probably resulted from a migratory event, 
along the Pacific North Coast, from North America to South America that took place between 
the Middle and the Upper Holocene. 
 





 The settlements of the Americas and Oceania are particularly fascinating topics. Despite 
broad agreement that the Americas were initially populated via Beringia, during the Upper 
Pleistocene 14,600 years ago; however, when and how the peopling of the Americas occurred 
remains unresolved (Reich et al., 2012; Moreno-Mayar et al., 2018). Whilst, the settlements 
of Australia and New Guinea (30,000 – 50,000 years ago) were the scenarios of one of the 
earliest migration events carried out by modern humans (Matisoo-Smith, 2015). Besides, 
Oceania was also the stage of the last major colonization event, the settlement of Polynesia 
around 3,000 years ago (Matisoo-Smith and Robins, 2004).  
 Nonetheless, it is important to considerate the migratory events that allowed 
anatomically modern humans (AMHs) to reach the regions of the Americas and Oceania 
during the Upper Pleistocene about 11,700– 125,000 years ago (Walker et al., 2009; Waters et 
al., 2015; Timmermann and Friedrich, 2016; Coccioni et al., 2018; Mutterlose et al., 2021), 
since this gives a better understanding of the evolutionary history and genetic structure of 
these populations. Moreover, other points to bear in mind are the environmental conditions 
and demographics pressures whose fluctuations have given rise the shaping of global 
population distributions (Boivin et al., 2013; Larrasoaña et al., 2013; Williams et al., 2015; 
Timmermann and Friedrich, 2016).  
 On the basis of geological, stratigraphic and paleoclimatic records, during the upper 
Pleistocene, the climate system of the Earth went through variations both at the gradual and 
abrupt level (Boivin et al., 2013; Timmermann and Friedrich, 2016). The causes of these 
weather fluctuations were various, such as changes in orbital parameters, variations in solar 
radiation, continental drift or periods of intense volcanism (Petit et al., 1999). Undoubtedly, 
these changes in the climate system of the Earth became the drivers of early human 
migrations (Timmermann and Friedrich, 2016). 
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1.1 Brief overview of early human migrations out of Africa  
 Before addressing the arrival of the first anatomically modern humans (Homo sapiens) 
to Oceania and America, it is necessary to mention the main migratory routes that these 
human groups followed to leave Africa and reach the Middle East, Oceania and finally 
America, besides to know the main causes that drove them to leave Africa during Chibanian 
stage (Middle Pleistocene), about 129,000 – 774,000 years ago, it includes the transition in 
palaeoanthropology from the Lower to the Middle Palaeolithic over 300,000 year ago (López 
et al., 2015; Posth et al., 2016; Clarkson et al., 2017; Coccioni et al., 2018; Mutterlose et al., 
2021).  
 At the end of the Chibanian stage, approximately 129,000 years ago, Africa was a 
savannah with wetlands, gallery forest and permanent freshwater sources (Larrasoaña et al., 
2013; Tierney et al., 2017). These environmental conditions were known as “Green Sahara” 
(GS) enabled human dispersion to continue through the continent (D’Atanasio et al., 2018). 
Nevertheless, around 70,000 years ago, the climate in the horn of Africa changed from a wet 
phase to drier conditions than the current ones (Tierney et al., 2017). Probably, this sharp 
change in the weather caused the migration of the first AMH out of the continent during 
Tartarian age (Timmermann and Friedrich, 2016; Tierney et al., 2017; Mutterlose et al., 
2021). 
 Although, it is widely accepted by consensus that Africa is the birthplace of the 
anatomically modern humans, also there is a strong debate on the dispersal patterns and the 
main routes followed by AMHs to leave Africa (Tierney et al., 2017; Vizzari et al., 2020). 
This heated debate is focused on two dispersion models, one of them is a single dispersal 
almost simultaneously over Asia and Europe, and the other one is the AMHs dispersion by 
two main waves, first through the Arab Peninsula into southern Asia and Australo-Melanesia, 
and later through a northern route crossing the Levant (Eastern Mediterranean region of 
Western Asia) (López et al., 2015; Posth et al., 2016; Bergström et al., 2021). 
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 According to the palaeoanthropological records of most out of Africa fossils, and the 
dating of the divergence between Eurasians and African populations based on mitochondrial 
DNA and whole genome data point to a major dispersal event around 65,000 years ago (Posth 
et al., 2016; Chen et al., 2019; Beyer et al., 2020; Bergström et al., 2021). However, 
archaeological findings in Saudi Arabia dated at least 85,000 years ago (Groucutt et al., 2018; 
Vizzari et al., 2020; Beyer et al., 2020), in Levant (present day Israel) at least about 90,000 – 
194,000 years ago (Hershkovitz et al., 2018; Callaway, 2018; Beyer et al., 2020; Vizzari et al., 
2020; Currat et al., 2021), and in Greece dated from around 210,000 years ago (Harvati et al., 
2019; Beyer et al., 2020), which point to previous migrations out of Africa, which might have 
reached as far as China (Liu et al., 2006; Liu et al., 2015; Beyer et al., 2020). 
 Notwithstanding, it is important to bear in mind that the first migrations and 
expansions out of Africa were carried out by archaic humans about 2,000,000 years ago 
(López et al., 2015; Tassi et al., 2015; Harvati et al., 2019; Bons et al., 2019; Vizzari et al., 
2020; Bergström et al., 2021; Hublin, 2021). On the island of Java, Indonesia, there are fossil 
records of Homo erectus dating back 1,800,000 years ago (Malaspinas et al., 2016; Wolf and 
Akey, 2018; Harvati et al., 2019; Vizzari et al., 2020; Bergström et al., 2021). In Europe, 
archaic human remains such as the Homo antecessor with an age of 900,000 years ago were 
found in the Iberian Peninsula (Spain) (Hopkin, 2008; López et al., 2015; Bermúdez-de-
Castro et al., 2017; Duval et al., 2018; Vizzari et al., 2020; Garnier and Lafontaine, 2021). 
Whilst, Germany has fossil records of ancient humans such as Homo heidelbergensis 
(presumable ancestor of Homo neandethalensis, Homo denisova, and Homo sapiens) with an 
approximate age of 500,000 years ago (Wayman, 2012; Posth et al., 2016; Bermúdez-de-
Castro et al., 2017; Akkuratov et al., 2018; Walker et al., 2018; Duval et al., 2018; Castro et 
al., 2021; García-Martínez et al., 2021; Callaway, 2021; Bergström et al., 2021).  
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Genomic evidence has suggested probably previous migration waves, might have left 
a small genetic contribution around 1% in modern inhabitants of Papua New Guinea 
(Akkuratov et al., 2018; Beyer et al., 2020; Bergström et al., 2021; Callaway, 2021; Choin et 
al., 2021). Whilst the genomes of modern non-Africans usually harbour about 2% 
Neanderthal ancestry (Tassi et al., 2015; Akkuratov et al., 2018; Chen et al., 2019; Beyer et 
al., 2020). Although, early migratory events of populations of archaic humans (genus Homo) 
out of Africa and throughout Eurasia, also collectively known as Out of Africa I, took place 
about 2,100,000 – 200,000 years ago (Hershkovitz et al., 2018; Herries et al., 2020; Baab, 
2021; Scardia et al., 2021).  
However, these archaic human populations were replaced by populations of AMHs 
(Homo sapiens) through events of effective global expansion from Africa to Eurasia (out of 
Africa II) about 65,000 years ago (Tassi et al., 2015; Clarkson et al., 2017; Hershkovitz et al., 
2018; Bons et al., 2019; Harvati et al., 2019; Vizzari et al., 2020; Bergström et al., 2021). 
Nonetheless, some modern populations of Homo sapiens keep genetic traces of archaic 
humans embedded in their genome (Pääbo, 2015; Reich, 2018; Hashemi, 2020; Keyser et al., 
2021). Genomic evidence suggests that through interbreeding with AMHs, both Neanderthal 
and Denisova contributed to the modern human genetic pool (Qin and Stoneking, 2015; 
Vernot et al., 2016; Reich, 2018; Bergström et al., 2021). 
The amount of Neanderthal DNA in Europeans is about 1.7%, in Asian 1.8% and in 
Africans about 0.3% (Vernot et al., 2016; Price, 2020; Wu, 2020; Callaway, 2021). 
Otherwise, the Denisovan introgression occurred within the Pacific region instead of on the 
Asian mainland (Qin and Stoneking, 2015; Vernot et al., 2016; Reich, 2018; Choin et al., 
2021). The Melanesian genome about 1.9 – 3.4% derives from Denisova genome (Teixeira et 
al., 2021). Papuans have less Denisovan ancestry about 1%, while, Asians and Native 
Americans have 0.2% of Denisovan ancestry (Vernot et al., 2016; Zubova et al., 2017; Reich, 
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2018; Teixeira et al., 2021). However, such low percentages could indicate infrequent 
interbreeding between modern and archaic humans, or else it is also possible that 
interbreeding was more common with a different population of modern humans that did not 
contribute to the current genetic pool (Browning et al., 2018; Reich, 2018; Wolf and Akey, 
2018; Callaway, 2021). 
Han Chinese, Japanese, and Dai genomes showed that modern East Asians have 
Denisovan DNA similar to that found in Papuan genome and Denisovan DNA closer to 
Denisovan genome from Denisova Cave (Browning et al., 2018; Chen et al., 2019; Choin et 
al., 2021). This could indicate two separate introgression events involving two different 
Denisova populations (Chen et al., 2019; Hashemi, 2020; Choin et al., 2021). This succession 
of migratory, expansion and introgressions events between archaic humans and anatomically 
modern humans show that both the genetic, evolutive and demographic history of the Homo 
sapiens are more complex and fascinating it than it seems (Currat et al., 2021; Scardia et al., 
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1.2 Peopling of Oceania by Anatomically Modern Humans 
 About 100,000 years ago, during the Upper Pleistocene (Tarantian age), Australia, 
Tasmania and New Guinea formed a single continent, called Sahul. At the time, the sea level 
was as much as 120 meters lower than is today (Bergström et al., 2009; Timmermann and 
Friedrich, 2016; Bergström, 2017; Beyer et al., 2020; Bradshaw et al., 2021; Purnomo et al., 
2021). On the other hand, many of the islands of Indonesia were joined to the South East 
Asian mainland in another ancient continent, called Sunda (Malaspinas et al., 2016; Bradshaw 
et al., 2021). Likely, this continental configuration enabled the settlement and dispersion of 
the anatomically modern Homo sapiens through and within the Oceania continent. 
 By around 65,000 years ago, a group of anatomically modern humans (150 – 1,000 
individuals) (Zhivotovsky et al., 2003; Haber et al., 2019) came out of Africa through the 
Arabian Peninsula at Bab-el Mandeb (the Gate of Tears), reached the Middle East, Southeast 
Asia (Sundaland) and Oceania (Sahul) (Fig. 1) (Kivisild et al., 2004; Henn et al., 2012; 
Clarkson et al., 2017; Haber et al., 2019; Bradshaw et al., 2021). This dispersal stage of 
anatomically modern humans is often known as the Southern Dispersal scenario or coastal 
migration hypothesis (Posth et al., 2016; Lipson et al., 2018; Haber et al., 2019), since this 
route describes the initial peopling of West Asia, India, Southeast Asia, New Guinea, 
Australia, Near Oceania, and coastal East Asia (Posth et al., 2016; Lipson et al., 2018; Haber 
et al., 2019; Bradshaw et al., 2021). 
The initial colonisation of Oceania by humans happened around 55,000 – 65,000 
years ago (Clarkson et al., 2017; Bedford et al., 2018; Lipson et al., 2018; Matsumura et al., 
2018; Posth et al., 2018; Llamas et al., 2020; Prasetyo et al., 2021) when a group of people 
(1,300 – 1,550 individuals) crossed the boundary from Sunda into Sahul and reached New 
Guinea (Fig. 1) (Bradshaw et al., 2019; Llamas et al., 2020; Bradshaw et al., 2021), followed 
by colonization of the Bismark Archipelago by 33,000 years ago and the Solomon Islands 
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about 29,000 years ago (Fig. 1) (Matisoo-Smith, 2015; Veth et al., 2017; Bird et al., 2019; 
Bradshaw et al., 2021; Pugach et al., 2021). Whilst, the final peopling of the Pacific regions, 
which included the Southeast of Melanesia, Solomon Islands archipelago, the extremes of the 
Polynesian triangle and Micronesia, begun around 3,000 – 3,500 years ago and finished by 
800 – 1,000 years ago (Fig. 2) (Petchey et al., 2014; Crabtree et al., 2021; Duggan and 
Stoneking, 2021; Pugach et al., 2021). 
 Peoples from Island Southeast Asians west of the Wallace line admixed with the 
ancestors of the Austro-Asiatic speaker, which came from a previous expansion that took 
place about 10,000 years ago to eastern mainland Asia (Llamas et al., 2020; Prasetyo et al., 
2021; Sun et al., 2021). Later, a large-scale dispersal (Austronesian expansion or also called 
the Out of Taiwan model) associated with the Lapita culture spread the Austronesian 
languages and agriculture into Island Southeast Asia and Polynesian islands about 3,000 – 
5,000 years ago, further expanding as far as Hawaii and Easter Island (Llamas et al., 2020; 
Prasetyo et al., 2021). 
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Figure 1. Southern Dispersal. The most recent anatomically modern humans migration wave out of Africa. The AMHs crossed the Red Sea strait at 
Bab el Mandeb until reaching Near East, Sunda and Sahul. (Matisoo-Smith, 2015; Posth et al., 2016; Veth et al., 2017; Lipson et al., 2018; Bradshaw 
et al., 2019; Llamas et al., 2020; Bradshaw et al., 2021; Purnomo et al., 2021).  
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Figure 2. Peopling of Remote Oceania. Final colonisation of the greater Pacific region by anatomically modern humans and Austronesian expansion 
(Matisoo-Smith, 2015; Posth et al., 2016; Veth et al., 2017; Lipson et al., 2018; Bradshaw et al., 2019; Llamas et al., 2020; Bradshaw et al., 2021; 
Purnomo et al., 2021).  
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Colonization of Oceania from the linguistic point of view 
 Besides archaeological, anthropological and genetic evidence about peopling of 
Oceania introduced earlier the linguistic information is also used to understand the dispersion 
and colonization patterns of the humans through greater Pacific region (Kennedy, 2006; 
Bedford et al., 2018; Prasetyo et al., 2021). Proto-Oceanic is the probable common ancestor 
of all languages spoken in the Bismarck Archipelago, east of Papua New Guinea about 4,200 
years ago (Pawley and Green, 1984; Ross, 1988; Duhamel, 2018; Janda et al., 2020; Janic and 
Witzlack-Makarevich, 2021). This language is derived from the Austronesian linguistic 
family, and by default, it is related to Proto-Austronesian language (Pawley and Green, 1984; 
Ross, 1988; Janda et al., 2020; Prasetyo et al., 2021). Austronesian languages family has 
around 1,200 languages spread from Taiwan to New Zealand and Madagascar to Easter Island 
(Gray et al., 2009; Bedford et al., 2018; Lipson et al., 2018; Posth et al., 2018; Prasetyo et al., 
2021).  
 According to linguistic studies, the Austronesian languages evolved in Taiwan around 
5,000 – 4,000 years ago from a proto-language introduced from the south Chinese mainland 
by dispersing rice farmers about 6,000 – 5,000 years ago (Oppenheimer and Richards, 2001; 
Klamer, 2019; Cho, 2020; Crevels and Muysken, 2020). The Austronesian-speaking 
agriculturalists subsequently spread throughout the Philippines and into Indonesia 
(Oppenheimer and Richards, 2001; Kennedy, 2006; Bedford et al., 2018; Lipson et al., 2018; 
Posth et al., 2018; Padilla-Iglesias et al., 2020; Prasetyo et al., 2021). Later, they moved on 
through the coastal parts of Melanesia, leaving intact the horticulturist populations of New 
Guinea, and finally spread out into the Polynesian islands (Oppenheimer and Richards, 2001; 
Duhamel, 2018; Matsumura et al., 2018; Klamer, 2019; Samper Carro et al., 2019; Fuentes et 
al., 2021). As the Austronesians spread along New Guinea and into the Solomons, they 
developed the Lapita cultural complex which extended through the whole Pacific region 
(Gray et al., 2009; Llamas et al., 2020; Prasetyo et al., 2021; Sun et al., 2021).  
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 Proto-Polynesian is a daughter language of the Proto-Austronesian, and it is the 
ancestor of all modern Polynesian languages (Pawley and Green, 1984; Crevels and 
Muysken, 2020; Blench, 2021). The linguistic evidence suggests that the origins of the 
peoples who spoke Proto-Polynesian were near Tonga, Samoa, and nearby islands (Gray et 
al., 2009; Crevels and Muysken, 2020; Blench, 2021 Moyse-Faurie, 2021; Middleton, 2021). 
Lexicostatistical tests have allowed establishing the interrelationships of Fijian and 
Polynesian languages from three reconstructed stages of Proto-Polynesian languages (Proto-
Central Pacific (PCP), Proto-Nuclear Polynesian (PPN) and Proto-Eastern Polynesian (PEP) 
(Hockett, 1976; Crevels and Muysken, 2020; Grice and Kügler, 2021). 
 Glottochronological data report that around 1,200 – 1,000 years ago the Proto-Central 
Pacific language split into two branches, one of them gave the origin of modern Fijian and 
Bauan languages, and the other one gave the origin of the Proto-Polynesian language 
(Hockett, 1976; Janda et al., 2020; Schütz, 2020; Davis, 2021; Moyse-Faurie, 2021; Pukui et 
al., 2021). The modern languages of Tonga, Niue, Samoa and eastern islands of Pacific, and 
the Proto-Eastern Polynesian language diverged from the Proto-Polynesian language around 
~500 years ago (Hockett, 1976; Crevels and Muysken, 2020; Schütz, 2020; Pukui et al., 
2021). The most recent modern languages of the Polynesia eastern region (Rarotongan, 
Tuamotuan, Maori, Thaitian, Marquesan and Hawaiian) diverged from Proto-Eastern 
Polynesian language about ~300 years ago (Hockett, 1976; Crevels and Muysken, 2020; 
Schütz, 2020; Pukui et al., 2021). 
 Consequently, most the today peoples from Near Oceania speak a Papuan (Bedford et 
al., 2018; Posth et al., 2018) (geographical grouping of western Pacific languages, without 
proven linguistic family so far) (Ross, 2005; Duhamel, 2018; Benjamin, 2021), while Remote 
Oceania peoples almost exclusively speak Oceanic languages of the Austronesian family 
(Bedford et al., 2018; Posth et al., 2018). Finally, the most of the data provided by the 
archaeology, linguistics, anthropology, and genetic fields about the arrival of the first 
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anatomically modern humans to Oceania and their expansion through Pacific region are 
congruent between them allowing to a better understanding about the cultural and biological 
patterns followed by these ancient peoples, since encompass the topic of the colonization of 
Oceania from different but complementary point of views (Oppenheimer and Richards, 2001; 
Bedford et al., 2018; Lipson et al., 2018; Posth et al., 2018; Llamas et al., 2020; Crevels and 
Muysken, 2020; Basu and Majumder, 2021; Prasetyo et al., 2021). 
Genetic history of Oceanian peoples from uniparental Markers 
  
 Over decades, the population geneticists have shown a remarkable interest in 
describing the genetic history of Oceanian peoples. The early studies on this field 
encompassed the analysis of globin gene variants, then the researches were focused on the 
analysis of mitochondrial DNA hypervariable region (HVS I, II, and III), Y chromosome 
markers, Single Nucleotide Polymorphisms (SNPs), and currently, the genomic information 
obtained via Next Generation Sequencing (NGS) deepen on genetic origins of these human 
groups (Matisoo-Smith, 2015; Duggan and Stoneking, 2021; Purnomo et al., 2021). Below 
are some of the most relevant researches that have marked evident progress on this issue.  
Hill et al. (1987), provided the first conclusive biological evidence of Oceanic origins 
for Polynesians by discovering high rates of globin gene mutations in Polynesians, which 
could only have been inherited from populations in Near Oceania (Matisoo-Smith, 2015). 
Subsequently, Melton et al. (1995), presented evidence that linked the Polynesian origins with 
Islands Southeast Asia, through a nine base pairs deletion (Polynesian motif) in the intergenic 
region of mitochondrial DNA between the COIl and tRNALys (Melton et al., 1995; Redd et 
al., 1995; Matisoo-Smith, 2015). These results were consistent with linguistic evidence of 
Taiwanese origin for the proto-Polynesian expansion, which spread throughout Oceania by 
way of Indonesia (Melton et al., 1995; Matisoo-Smith, 2015; Blench, 2021; Duggan and 
Stoneking, 2021). 
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 Inasmuch as, the entry of the first anatomically modern humans into Oceania has 
stayed registered in the mitochondrial DNA and Y chromosome haplotypes of the Aboriginal 
Australian and Papuan populations as a recognizable genetic signature (Matisoo-Smith, 2015; 
Crabtree et al., 2021). When analysing the mitochondrial DNA (mtDNA) control region, were 
observed the genetic lineages M, O, P, and S found mostly in Australia (Redd and Stoneking, 
1999; van Holst Pellekaan, 2013; Matisoo-Smith, 2015; Pedro et al., 2020; Purnomo et al., 
2021), while mtDNA lineages P, Q, M27, M28 and M29 found mostly in New Guinea and 
Near Oceania (Merriwether et al., 2005; Matisoo-Smith, 2015; Pedro et al., 2020; Purnomo et 
al., 2021), this proves that modern humans crossed the Wallace line to colonize Southeast 
Asia and Sahul, and later New Guinea (Llamas et al., 2020); which in turn suggests that 
Aboriginal Australians have more genetic affinities with peoples from Southern India than 
with Papua New Guinean populations (Redd and Stoneking, 1999; van Holst Pellekaan, 2013; 
Matisoo-Smith, 2015; Pedro et al., 2020).  
However, the Y-chromosome lineages K, M, S, and C are generally restricted to 
Oceanic populations and are generally believed to have originated in Near Oceania during the 
Pleistocene period of human occupation (Scheinfeldt et al., 2006; Matisoo-Smith, 2015; 
Duggan and Stoneking, 2021). Nevertheless, Pacific populations also carry Y chromosomes 
belonging to the O branch, which is widespread in Asia and likely these were brought into the 
Pacific during the Holocene, presumably as part of the Austronesian expansion (Kayser, 
2010; Matisoo-Smith, 2015; Bird et al., 2019; Duggan and Stoneking, 2021). Thus, both the 
mtDNA and Y-chromosome haplotypes, as well as archaeological and linguistic evidence, 
suggest more than one migratory event in the peopling of Oceania, which makes more 
complex the history of the modern human settlements in this region as well as its population 
interactions (Redd and Stoneking, 1999; Matisoo-Smith, 2015; Bedford et al., 2018; Lipson et 
al., 2018; Posth et al., 2018; Bird et al., 2019; Llamas et al., 2020; Bradshaw et al., 2021; 
Duggan and Stoneking, 2021). 
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 Nagle et al. (2016), when typifying Single Nucleotide Polymorphisms (SNPs) on the 
Y-chromosome of a group of Aboriginal Australian males, revealed that 56% of their Y-
chromosomes could have Eurasian origins (Nagle et al., 2016; Duggan and Stoneking, 2021). 
In Australia, the haplogroup C of Y chromosome is the most frequent, as this lineage 
represents 44.4% of indigenous male chromosomes in this region, the haplogroup C has a 
coalescence time of about 5,665 years ago with male chromosomes of southern India and Sri 
Lanka (Redd et al., 2002; Oven et al., 2014; Crevels and Muysken, 2020; Basu and 
Majumder, 2021). Jinam et al. (2017), reached similar results when analysing Aboriginal 
Australians, New Guineans, island Southeast Asians, and Indians via genome-wide (GWAS) 
genotyping, since this study revealed that 11% of Australian ancestry came from Southern 
India, with divergence times estimated about 36,000 years ago (Pugach et al., 2013; Jinam et 
al., 2017; Posth et al., 2018; Bird et al., 2019; Bradshaw et al., 2019; Bradshaw et al., 2021). 
 Pedro et al. (2020), analysed whole mitochondrial genomes of individuals from Island 
South East Asia, Oceania and Australia. The results revealed that 7.4% of samples were 
affiliated to non-indigenous Northern Sahul haplogroups (B4a1a1 and E1a). These 
haplogroups are only detected in the coastal region of New Guinea and the Bismarck 
Archipelago (Friedlaender et al., 2007; Duggan et al., 2014; Pedro et al., 2020). The vast 
majority of the mtDNA genomes, 92%, were affiliated with the main indigenous Northern 
Sahul haplogroups: M27 (1.3%), M28 (<1%), M29 (<1%), Q (47%), and P (43%) (Pedro et 
al., 2020). Haplogroups M27, M28, and M29 are almost exclusively found in Near Oceania 
and given that they are most diverse and frequent here could have originated in this region 
(Ricaut et al., 2010; Lipson et al., 2018; Pedro et al., 2020; Purnomo et al., 2021). 
 Archaeological and genetic data broadly converge regarding the dates of the first 
settlement of Sahul (50,000–55,000 years ago) (O’Connell et al., 2018; Pedro et al., 2020; 
Bradshaw et al., 2021). Coalescence ages estimated for mitochondrial haplogroups M29'Q is 
55,000 years ago (95% CI 42,000 – 67,000 years ago), while for linage M27 is about 51,000 
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years ago (95% CI 40,000 – 62,000 years ago) (Pedro et al., 2020). The age estimated for 
M28 is 32,000 years ago (95% CI 22,000 – 42,000 years ago) (Pedro et al., 2020), this date is 
quite close to the beginning of the Last Glacial Maximum (LGM) (28,000 years ago) 
(O’Connell et al., 2018; Pedro et al., 2020; Cadd et al., 2021). The diversification of the main 
lineages took place around a transition period between LGM (18,000 – 28,000 years ago) and 
the postglacial warming period (10,000 – 18,000 years ago) (Hope, 2014; Golson et al., 2017; 
Pedro et al., 2020). All derived lineages (M27a, M27b, M28a, M28b, M29) and arising from 
the expansion periods are clustered geographically (Bedford et al., 2018; Pedro et al., 2020; 
Duggan and Stoneking, 2021). 
 Haplogroups P3a, P3b2, P4b, P5, P6, P7, P8, new P13a are distributed across 
Southern Sahul, while, the lineages P1, P2, P3b1, P4a, new P13b1 are found in Northern 
Sahul and haplogroups P9 and P10 are in the Aeta and Agta indigenous groups from the 
Philippines, suggesting that the P haplogroup may have evolved in Sunda or Wallacea 
(Gomes et al., 2015; Arenas et al., 2020; Pedro et al., 2020). Both Northern and Southern 
Sahul P haplogroups have coalescence ages close to the early settlement period around 45,000 
– 50,000 years ago (95% CI 32,000 – 62,000 years ago) (Pedro et al., 2020). This lineage 
diversified earlier in Southern Sahul than in Northern Sahul, nonetheless, Northern Sahul 
hosts specifics haplogroups from lineage P, which are both more frequent and diverse in 
highland New Guinea, supporting their possible emergence/diversification in this region, 
suggesting that populations of Northern and Southern Sahul shared an ancestral population 
that harboured high P diversity (Gomes et al., 2015; Arenas et al., 2020; Ono et al., 2020; 
Pedro et al., 2020). 
On the other hand, the Q mitochondrial lineage diverged from M29'Q around 55,000 
years ago (95% CI 42,000 – 67,000 years ago) after an isolation period of almost 15,000 
years (Pedro et al., 2020). During the initial settlement of Northern Sahul (high-land and 
coastal New Guinea and Near Oceania) and the LGM about 18,000 – 28,000 years ago, the Q 
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mitochondrial variant diversified into three Subhaplogroups (Q1, Q2, and Q3) around 38,000 
years ago (95% CI 28,000 – 52,000 years ago) (Brandão et al., 2016; Duggan and Stoneking, 
2021). Both haplogroup Q and its Subhaplogroups have their greatest frequency and diversity 
in high-land and coastal New Guinea and Near Oceania, suggesting probable origins within 
this region (Brandão et al., 2016; Pedro et al., 2020; Duggan and Stoneking, 2021). 
 Haplogroup Q1 is found most often in Near Oceania and Highland and coastal New 
Guinea, this mitochondrial lineage diversified at the end of Last Glacial Maximum around 
19,000 years ago (95% CI 15,000 – 22,000 years ago) (Pedro et al., 2020). Whilst, 
haplogroup Q2 in Near Oceania, particularly the Bismarck Archipelago and Q3 in highland 
New Guinea diversified early in the Last Glacial Maximum period about 30,000 years ago 
(95% CI 20,000 – 40,000 years ago) and 28,000 years ago (95% CI 20,000 – 36,000 years 
ago) respectively (Pedro et al., 2020). Subhaplogroups Q1b, Q1c and Q1e are found in Near 
Oceania, Sunda and Wallacea islands (Taiwan, Philippines, and Madagascar) have the linage 
Q1d, while, mitochondrial variant Q1a is in northern Australia and subclades Q1b, Q1e, and 
Q1f are in Remote Oceania (Solomon Islands, Vanuatu, Fiji, Samoa, and the Cook Islands) 
(Pedro et al., 2020). The Q1 lineages present in Australia belonged to individuals with Torres 
Strait Islander ancestries, which are known for their close links with New Guinea (Nagle et 
al., 2017; Pedro et al., 2020; Choin et al., 2021). 
 However, the Q2b lineage (western Indigenous Australian) branches deeply within the 
Q clade and may reflect earlier connections between Northern and Southern Sahul 
populations (Hudjashov et al., 2007; Nagle et al., 2017; Pedro et al., 2020; Crabtree et al., 
2021). Subclades Q3a, and Q3b are in coastal New Guinea, Near Oceania and Timor, all 
associated with coalescence ages around 18,000 – 28,000 years ago (Pedro et al., 2020). The 
Q3 subclades shared between Timor and coastal New Guinea could reflect a possible ancient 
connection between the island zone around Timor and continental Northern Sahul (Gomes et 
al., 2015; Clarkson et al., 2017; Pedro et al., 2020; Duggan and Stoneking, 2021). 
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 Polynesia, one of the last regions of the world to be populated by Anatomically 
Modern Humans (Matisoo-Smith and Robins, 2004; Matisoo-Smith, 2015; Thompson, 2019; 
Thomas, 2021). Even though, the peoples of this Pacific Ocean region are considered by 
linguistic, archaeological and human genetic ancestry as a subset of Austronesian peoples 
who migrated by sea, the history, and origins of Polynesia inhabitants are still a topic of 
debate (Matisoo-Smith, 2015; Thompson, 2019; Thomas, 2021). The Polynesian peoples are 
associated with Lapita Cultural Complex (LCC) (Bedford et al., 2018; Posth et al., 2018; 
Lipson et al., 2018; Bedford and Spriggs, 2019; Thomas, 2021). Lapita pottery has been 
found in Near Oceania as well as Remote Oceania, as far west as the Bismarck Archipelago, 
as far east as Samoa, and as far south as New Caledonia (Bedford and Spriggs, 2019; 
Prasetyo et al., 2021). Circa 3,000 – 5,000 years ago, a human migratory movement 
associated with Lapita culture spread the Austronesian languages and agriculture into Island 
Southeast Asia and Polynesia, this culture spread to Hawaii and Easter Island (Thompson, 
2019; Llamas et al., 2020; Matsuda, 2021). 
 Although, the appearance of people associated with the Lapita culture in the South 
Pacific 3,000 years ago marked the beginning of the last major human dispersal to 
unpopulated lands, the relationship of these pioneers to the long-established Papuans of the 
New Guinea region is unclear (Skoglund et al., 2016; Bedford and Spriggs, 2019). According 
to linguistic evidence, the Polynesian peoples originated in Asia, while, the archaeological 
evidence suggested that the Polynesian peoples originated in Melanesia (Kayser, 2010; 
Hudjashov et al., 2018; Thompson, 2019; Schütz, 2020; Pukui et al., 2021). Kayser et al. 
(2000), described the three models of the spread of modern humans across the Pacific to 
Polynesia. The first one of them, supported by most current human genetic data, linguistic 
data, and archaeological data, known as the “Express Train” model, proposes a recent 
expansion about 1,000 – 3,000 years ago out of Taiwan via the Philippines and eastern 
Indonesia and from the north-west of New Guinea on to Island Melanesia around 1,400 years 
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ago, reaching western Polynesian islands by roughly 900 years ago (Kayser et al., 2000; 
Lesniewski, 2009; Thompson, 2019; Duggan and Stoneking, 2021). The second, known as 
the "Entangled Bank" model emphasizes the long history of Austronesian speakers' cultural 
and genetic interactions with indigenous Island South-East Asians and Melanesians along the 
way to becoming the first Polynesians (Kayser et al., 2000; Thompson, 2019; Duggan and 
Stoneking, 2021). Finally, the third model, supported by the Y-chromosome data, which show 
that haplotypes of Polynesian Y chromosomes can be traced back to Melanesia, known as the 
“Slow Boat” model, similar to the Express Train model but with a long hiatus in Melanesia, 
this model assumes that the genetics of the modern-day Polynesian people are a direct 
reflection of the prehistoric migrants into Polynesia (Kayser et al., 2000; Lesniewski, 2009; 
Thompson, 2019; Duggan and Stoneking, 2021). 
 Kayser et al. (2006), when analysing the Non-recombining Region of the Y 
chromosome (NRY-DNA) and mitochondrial DNA markers from Polynesian, Melanesian, 
Southeast and East Asian, and Australian populations, identified a dual genetic heritage of 
Polynesians, which containing both Melanesian and Asian genetic components. Overall, in 
Polynesia, the proportion of Melanesian haplogroups was eleven-fold higher for Y 
chromosomes (65.8%) than for mtDNAs (6%), and of Asian haplogroups was more than 
threefold higher for mtDNAs (93.8%) than for Y chromosomes (28.3%), suggesting a dual 
genetic origin of Polynesians in agreement with the ‘‘Slow Boat’’ model (Kayser et al., 2000; 
Delfin et al., 2012; Thompson, 2019). These results suggest a pronounced admixture bias in 
Polynesians toward more Melanesian men than women, maybe because of matrilocal 
residence in the ancestral Polynesian society (Kayser et al., 2000; Delfin et al., 2012; 
Thompson, 2019). 
 The male haplogroups C, K and O are predominant Y-chromosome haplogroups 
present in indigenous populations in the Pacific (Gosling et al., 2021), while M353 and O-
M122 lineages are restricted to Polynesia (Kayser et al., 2000). O-M122 lineage is associated 
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with a triplication event involving the DYS385 microsatellite (Kayser et al., 2006). The 
shortest allele of this triplication event involves the DYS385A copy with a length of twelve 
repeats, the DYS385B copy with thirteen repeats of length, and the DYS385C copy, 
generated from DYS385B allele, with sixteen repeats of length (Kayser et al., 2006). The 
association pattern O-M122/DYS385 suggests a simple origin of DYS385 triplication in 
Polynesia, although the Y-STR haplotype diversity associated with DYS385tri/O-M122 was 
highest in Tuvalu, around 76%, suggesting that Tuvalu is the likely place of origin (Kayser et 
al., 2006). The age of this lineage is estimated at 3,700 years ago, providing evidence for a 
Polynesian founder effect and for a recent from west-to- east expansion within Polynesia 
(Kayser et al., 2006). 
Gosling et al. (2021), when analysing the Y-chromosome diversity in Tokelau 
archipelago, located approximately 500 km north of Samoa, detected six haplogroups among 
the Tokelauan men (C1b2a-M38 = 1.6%, C1b2a-M208 = 1.6%, K-M9 = 6.4%, K-P79 = 
53.2%, O2-M122 = 27.4%, and R-M207 = 9.7%). The lineages C1b2a-M38/C1b2a-M208 
and K-M9/K-P79 have genetic origins in Near Oceania, while the variant O2-M122 has its 
origins in East Asia, and R-M207 variant is an European derived (Kayser, 2010; Gosling et 
al., 2021). In Y-STR locus DYS390 is observed alleles of short fragment length (19–21 
repeats) in Cook Islands, mainland and Papua New Guinea, eastern Indonesia and Australia, 
whereas other populations had exclusively alleles of 21–27 repeats in length (Kayser et al., 
2000).  
Nonetheless, all Cook Islanders with alleles 19–21 has a deletion of the 390.3 
segment, and all the length variation is in the combined 390.2–390.4 segment, excepting 
Australians who instead had a deletion in 390.1 (Forster et al., 1998; Kayser et al., 2000). The 
DYS390.3 deletion is associated with a C→T (Y-SNP) mutation at position 711 of the 
RPS4Y gene (Bergen et al., 1999; Kayser et al., 2000). The DYS390.3del/ RPS4Y711T 
haplotype has a frequency of 82% in the Cook Islands, 26% in coastal Papua New Guinea, 
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10–15% in the Moluccas and Nusa Tenggara Islands of eastern Indonesia, 9–12% in island 
Papua New Guinea (New Britain, Trobriand Islands), however, this haplotype is not present 
in Southeast Asian, East Asian or Australian populations, suggesting a Melanesian origin for 
some Polynesian genes (Kayser et al., 2000; Kayser, 2010). 
On the other hand, Polynesian mitochondrial lineages belong pre-dominantly to 
haplogroup B and in particular sub-haplogroup B4, which does not appear to have been 
introduced to the Pacific during this first phase of population migrations, but arrived in the 
region much later, sometime in the mid-Holocene (4,000 – 8,000 years ago) (Matisoo-Smith, 
2017; Bedford et al., 2018; Gosling and Matisoo-Smith, 2018; Lipson et al., 2018; Posth et 
al., 2018; Gosling et al., 2021). Five Polynesian mtDNA haplogroups have an Asian origin: 
B4, B4a, B4b1, B4a1a1a1 (Polynesian motif), and M7c1c, which means that 93.8% of 
Polynesian mitochondria have Asian origin, of which 77.6% belong to a single haplogroup 
(B4a1a1a1) (Kayser et al., 2006; Razafindrazaka et al., 2010; Matisoo-Smith, 2017; Gosling 
et al., 2021). Besides, four Polynesian mtDNA lineages have a Melanesian origin: P1, Q1, 
Q2, and M28, which means that 6 % of Polynesian mitochondria have Melanesian origin 
(Kayser, 2010; Matisoo-Smith, 2017; Horsburgh and McCoy, 2017; Gosling and Matisoo-
Smith, 2018; Thompson, 2019; Gosling et al., 2021). 
Gosling et al. (2021), when analysing archaeological human remains from Atafu, the 
northernmost Tokelau atoll, and Korase island in Micronesia, found that the ancient 
inhabitants of Atafu possessed relatively little mitochondrial diversity, since the individuals 
analysed belonged to either haplogroup B4a1a1, B4a1a1a, or B4b1a2i. The B4b1a2i 
haplotypes were not found among the modern Inhabitants of Tokelau, although this 
haplogroup is shared with ancient individuals from Kosrae (Gosling et al., 2021).  B4b1a2i 
haplogroup is relatively rare in the Pacific; however, it appears to be relatively common in 
Micronesia; hence, this could be an important lineage for understanding Micronesian 
settlement (Gosling et al., 2021).  
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Haplogroup B4a1a1ab occurs at a frequency among modern inhabitants from of Atafu 
= 14.2%, Fakaofo = 7.5%, and Nukunonu = 8.7%, but is not common in the wider Pacific 
region, and it was also not detected among any of the ancient Atafu individuals (Gosling et 
al., 2021).  This haplogroup occurs at a frequency among Samoans = 1.7%, Tongans = 1.0%, 
and Ontong Java in the Solomon Islands = 12.5% (Gosling et al., 2021). B4a1a1x is another 
rare lineage in the Pacific that is shared by some inhabitants of Atafu and Nukunonu, this 
lineage has thus far only been reported in Tuvalu with a frequency of 3.8%, and on the 
Micronesian atolls of Majuro and Kapingamarangi (Pierson et al., 2006; Gosling et al., 2021). 
Haplogroup Q1f1 was detected in a single individual among the modern inhabitants of 
Nukunonu, this lineage is derived from haplogroup Q, which has its origins in New Guinea 
(Friedlaender et al., 2005; Gosling et al., 2021). This particular haplogroup has been detected 
among Cook Island Māori, Society Islanders, Samoans, and the inhabitants of Tikopia, again, 
a Polynesian Outlier, Q1f1 lineage is observed among modern individuals from   Kiribati, 
suggesting connections with other Pacific populations (Duggan et al., 2014; Hudjashov et al., 
2018; Gosling et al., 2021). 
 Ancient DNA from Vanuatu and Tonga dating to about 2,600 – 2,900 years ago, has 
revealed that the ‘‘First Remote Oceanians’’ associated with the Lapita archaeological culture 
were directly descended from the population that spread Austronesian languages from Taiwan 
to the Philippines, western Melanesia, and eventually Remote Oceania right about 5,000 years 
ago (Lipson et al., 2018). Thus, ancestors of the First Remote Oceanians must have passed by 
the Papuan-ancestry populations they encountered in New Guinea, the Bismarck Archipelago, 
and the Solomon Islands with a minimal admixture (Skoglund et al., 2016; Lipson et al., 
2018; Posth et al., 2018; Lipson et al., 2020). However, present-day populations in Near and 
Remote Oceania harbor >25% Papuan ancestry, implying that additional eastward migration 
must have occurred (Lipson et al., 2018; Posth et al., 2018; Lipson et al., 2020). People with 
almost entirely Papuan ancestry arrived in Vanuatu by roughly 2,300 years ago, People of 
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almost entirely by around 2300 BP, most likely reflecting migrations a few hundred years 
earlier at the end of the Lapita period (Lipson et al., 2018). The Papuan ancestry in Vanuatu 
derives from the Bismarck Archipelago, however, the Papuan ancestry in Polynesia and the 
most remote Pacific islands derives from different sources, suggesting a third stream of 
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1.3 Peopling of the Americas 
 
 The last colonisation and expansion event of anatomically modern Homo sapiens took 
place during the Upper Pleistocene around 20,000 – 23,000 years ago, when the humans 
(~250 individuals) (Fagundes et al., 2018) crossed Bering and entered by first time to 
American continent (Skoglund et al., 2015; Moreno-Mayar et al., 2018; Suarez and Ardelean, 
2019; Gruhn, 2020; Hoffecker et al., 2021). Nonetheless, despite of this consensus, the 
peopling of the Americas has been the subject of extensive genetic, archaeological, 
anthropological, and linguistic research and controversy, since some details about the 
colonisation, history and population dynamics of this event remain unresolved (Moreno-
Mayar et al., 2018; Gruhn, 2020; Hoffecker et al., 2021). One of the most contentious issue is 
whether the settlement occurred by means of a single migration or migration streams of 
migrations from Siberia (Perego et al., 2009; Reich et al., 2012; Reich, 2018; Suarez and 
Ardelean, 2019; Gruhn, 2020; Hoffecker et al., 2021). 
 According to archaeological evidence, groups of hunters that lived in northeast Siberia 
around 28,000 years ago could have entered to Beringia, because of they were adapted to 
cross the landmass, that is now submerged, between Eurasia and Alaska (Pitulko et al., 2004; 
Goebel et al., 2008; Meltzer, 2009; Skoglund and Reich, 2016; Gruhn, 2020; Hoffecker et al., 
2021). Nonetheless, about 26,000 – 33,000 years ago during the Last Glacial Maximum 
(LGM), this region was marked by harsh Climates and glacial barriers, since at its eastern end 
the Cordilleran and Laurentide ice sheets merged with at the continental divide, forming an 
area of ice that contained one and a half times as much water as the Antarctic ice sheet does 
today (Evans et al., 2014; Heintzman et al., 2016; Hoffecker et al., 2016; Moreno-Mayar et 
al., 2018; Gruhn, 2020).  
 Likely, the extreme weather conditions led to the isolation of populations for extended 
periods and sometimes complicated the dispersal across the region (Moreno-Mayar et al., 
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2018; Becerra-Valdivia and Higham, 2020). However, when deglaciation commenced in the 
Northern Hemisphere around ~20,000 years ago, caused an abrupt rise in sea level (Evans et 
al., 2014). The retreated of ice from Pacific coast ~16,000 years ago could have given the 
possibilities of a coastal migrations (Evans et al., 2014; Timmermann and Friedrich, 2016; 
Puzachenko et al., 2021). Decline of the West Antarctica ice sheet occurred about 14,000 – 
15,000 years ago, what provoked another abrupt rise in the sea level ~ 14,500 years ago, also 
a habitable corridor opened through the centre of the continent between the two ice sheets 
(Petit et al., 1999; Evans et al., 2014; Colella et al., 2021; Puzachenko et al., 2021). 
Migration routes of expansion 
 Historically, according to archaeological, paleontological, anthropological, and 
geological records, there are two main possible routes that humans could have used to expand 
inside the American continent. One of them is the interior route or Ice-Free Corridor (IFC) 
and the other one is North Pacific Coast (NPC) (Evans et al., 2014; Braje et al., 2020; Colella 
et al., 2021). Nonetheless, before addressing this topic, it is important to considerate three 
main criteria to establish a route as viable: 1. Presence of substantial barriers (massive 
glaciers or proglacial lakes blocking mountain valley passes or coastal margins) that would 
have impeded human migration  (Pedersen et al., 2016; Potter et al., 2016; McLaren et al., 
2020); 2. Biological productivity to support human populations (Erlandson et al., 2015; Potter 
et al., 2016; Dobson et al., 2021); and 3. Availability of knowledge and technology to either 
extract resources from surrounding environment and moving freely without substantial risk 
inside high-latitude marginal environments, open water boating, and sea mammal hunting  
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Interior route or Ice-Free Corridor  
 Geomorphological data indicate that when the Laurentide Ice Sheet (LIS) and Cordilleran 
Ice Sheet (CIS) retreated, the corridor opened zipper- like from north to south, and the lakes 
in the northern dammed by LIS were draining (Dyke, 2004; Kennedy et al., 2010; Potter et 
al., 2016; Dobson et al., 2021).  Radiocarbon dating establishes the date of this event about 
14,800 – 16,545 years ago (Dyke, 2004; Kenady et al., 2011; da Silva Coelho et al., 2021). 
On the other hands, Stroeven et al. (2014), suggested that the retreated of the ice happened by 
18,500 – 19,300 years ago. Whilst, a reconstruction of IFC landscape revealed that 
approximately 15,000 years ago the corridor had between 150 – 300 km wide from north to 
south, while the breadth for this route about 14,000 years ago was 300 – 600 km (Munyikwa 
et al., 2017; Colella et al., 2021).  
 Considering the radiocarbon dating, the northern IFC was viable with plant and animal 
resources supported the human migration by ~13,650 – 15,000 years ago (Pedersen et al., 
2016). Therefore, the first humans reached Bering 18,000 – 20,000 years ago (Moreno-Mayar 
et al., 2018; Suarez and Ardelean, 2019; Hoffecker et al., 2021) and expanded through 
America about 15,000 years ago could have been adapted to deal with rigours the IFC offered 
(Potter et al., 2018; Suarez and Ardelean, 2019; Marshall et al., 2021; Puzachenko et al., 
2021). 
North Pacific Coast Route  
The viability of the coastal route is partially dependent on the state of deglaciation and 
minimization of ice barriers. According to radiocarbon dating, the glacial recession of 
southwestern and south-central Alaskan coastlines occurred during upper Pleistocene, at the 
end of Tarantian age approximately 17,000 – 19,000 years ago (Goebel and Potter, 2016; 
Potter et al., 2018; Braje et al., 2020; da Silva Coelho et al., 2021; McLaren et al., 2020; 
O’Shea, 2021). Nonetheless, the presence of ice sea and recurrent volcanism are important 
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factors to consider the viability of coastal habitat (Potter et al., 2018; Suarez and Ardelean, 
2019; Braje et al., 2020;).  
 In addition, utilizing the NPC as an option to expand inside America, the people 
should have had the necessary technology and knowledge to hunt specifics types of sea 
mammals and face the hazards of navigating in that type of extreme marine environment 
(Tamm et al., 2007; Kitchen et al., 2008; Potter et al., 2016; Suarez and Ardelean, 2019; 
Dobson et al., 2021). Archaeological data about upper Pleistocene human occupation, marine 
mammal hunting and watercraft technology along the coastal route is scarce, since there no 
known sites with human settlements along the southern coastal or near coastal stretches of 
Eastern Beringia before 9,000 years (Davis et al., 2016; Suarez and Ardelean, 2019; Braje et 
al., 2020; Dobson et al., 2021).  
 The direct archaeological evidence relating to America human expansion through 
NPC is affected by sea-level rise owing to deglaciation (Davis et al., 2016; McLaren et al., 
2020; O’Shea, 2021). As the ice receded, the glacial refuge located in the uplifted parts along 
the coast flooded rapidly, the large mountains of ice collapsed owing of action of snowbreak 
and the volcanic eruptions that occurred 13,100 – 14,600 years ago (Kennedy et al., 2010; 
Goebel and Potter, 2016; Pedersen et al., 2016; Potter et al., 2018; Dobson et al., 2021).  
 Therefore, although the marine ecosystem along the North Pacific Coastal Route was 
likely productive at the end of the Pleistocene, to utilize this road to carry out the expansion 
inside the continent supposed dealing many of obstacles own ice age. During the coastal 
deglaciation period about 14,700 – 17,000 years ago, hunter-gatherers moving along the coast 
would have encountered marine mammals but would have been contending with sea ice and 
broken glaciers, which surely hindered the migration of humans towards inside and through 
America by those times (Stroeven et al., 2014; Davis et al., 2016; Potter et al., 2016; Suarez 
and Ardelean, 2019; Braje et al., 2020)  
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 In summary, the issue about what's migration routes the humans used to reach the 
inner of the continent continue being a controversial topic (Shugar et al., 2014; Potter et al., 
2018; McLaren et al., 2020; O’Shea, 2021). In concordance with, available archaeological 
and geomorphological evidence, a Pacific coast migration from the Bering Strait to South 
America could have been possible thousands of years before Clovis culture, but also the 
expansion of Native Americans populations might have occurred through Ice-Free Corridor to 
inner continent around 15,000 years ago, according to paleoecological and genetics studies 
(Potter et al., 2018; Suarez and Ardelean, 2019; da Silva Coelho et al., 2021). Given that 
above, likely both routes may have been used at different times by one or more populations 
that moved from north to south (Goebel et al., 2008; Potter et al., 2016; Suarez and Ardelean, 
2019; Braje et al., 2020; McLaren et al., 2020; Dobson et al., 2021; O’Shea, 2021).  
 Notwithstanding, parallel to the mainstream about peopling America through Bering, 
there is an alternative hypothesis concerning the origins of first Native Americans, whose 
approach is the possible incursions of persons with Australo-Melanesian and Polynesian 
origins in South America (Clarke et al., 2011; Reich, 2018; Ioannidis et al., 2020; Silva et al., 
2021). This proposal is based on archaeological, cultural, linguistic and anthropological 
evidence, which is complemented, at present, with DNA work, so that the combined 
information of aforementioned fields suggests connections between Oceania and Americas 
before pre-Columbian contact (Storey et al., 2007; Tyler-Smith, 2014; Raghavan et al., 2015; 
Skoglund et al., 2015; Nielsen et al., 2017; Reich, 2018; Wallin, 2020; Silva et al., 2021). 
 Different models have been proposed to elucidate the origins of the founding 
populations of America, along with the number of migratory waves and routes used by these 
first settlers (Ioannidis et al., 2020; Silva et al., 2021). Notwithstanding, despite those 
settlements along the Pacific coast and on land have been evidenced in genetic and 
archaeological studies, the number of migratory waves and the origin of immigrants are still 
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controversial topics (Silva et al., 2021). A signal of genetic affinity between present-day and 
ancient natives from South America and present-day indigenous groups of South Asia, 
Australia, and Melanesia has been previously reported (Raghavan et al., 2015; Skoglund et 
al., 2015; Moreno-Mayar et al., 2018; Posth et al., 2018; Ioannidis et al., 2020; Wallin, 2020; 
Silva et al., 2021). The controversial Australasian population genetic component (Ypikuéra 
population” or “Y population component) was identified exclusively in the present-day 
Amazonian populations, suggesting at least two different founding waves leading to the 
formation of the people of this region (Skoglund et al., 2015; Reich, 2018). 
 Silva et al. (2021), suggest that the first modern humans migratory wave to South 
America was composed of direct descendants of the Beringian standstill population, and a 
second wave was formed by an admixed population of Beringian and southeast Asian 
ancestors that reached Beringia more recently, both populations would have settled and 
admixed in the Amazon region. Rapa Nui has been considered a likely locus for contact, 
since, it is the closest inhabited Polynesian island to the Americas with the most elaborate 
megalithic culture, the reason some researchers focused on this place to carry out genetic 
studies to investigate the possibility of prehistoric contacts between Polynesian and Native 
American populations (Ioannidis et al., 2020). As a consequence, these studies reached 
opposing conclusions about pre-European contact between Polynesian individuals on Rapa 
Nui and Native American individuals (Moreno-Mayar et al., 2014; Fehren-Schmitz et al., 
2017; Ioannidis et al., 2020; Silva et al., 2021).  
After the Chilean annexation of Rapa Nui in 1888, the only recorded events 
potentially connecting Pacific islanders with Native American ancestry are the Peruvian slave 
raids of ad 1862–1863 (Maude, 1981; Ioannidis et al., 2020). During this year, thousands of 
Pacific islanders were kidnapped and taken to Peru as forced labourers, including 1,407 
Rapanui individuals (Maude, 1981). Ioannidis et al. (2020), analysed the genome-wide 
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variation in individuals from islands across Polynesia for signs of Native American 
admixture, the results suggested that a single contact event occurred in eastern Polynesia, 
before the settlement of Rapa Nui, between Polynesian individuals and a Native American 
group most closely related to the indigenous inhabitants of present-day Colombia. 
Furthermore, a new line of evidence indicates that the first American clades split in 
East Asia, not in Beringia, which makes the gene flow of the Y ancestry from the ancestral 
East Asian groups even likelier (Silva et al., 2021). In this sense, the Y population would be 
part of the first colonizing groups of the American continent (Ioannidis et al., 2020; Silva et 
al., 2021). Thus, the Australasian population contribution was introduced in South America 
through the Pacific coastal route before the formation of the Amazonian branch, likely in the 
ancient coastal Pacific/Amazonian population (Silva et al., 2021). This Australasian−Native 
American connection persists as one of the most intriguing and poorly understood events in 
human history (Reich, 2018; Ioannidis et al., 2020; Wallin, 2020; Silva et al., 2021).   
Native American languages 
 Thousands of Amerindian languages were spoken in the continent, before the arrival of 
Europeans in the New World (Campbell, 2000). However, nowadays the Spanish, English and 
Portuguese languages are politically dominant in the Americas (Campbell, 2000; Boas, 2010). 
In 1987 Joseph Greenberg suggested the Amerindian hypothesis to classify all indigenous 
languages of the Americas (Greenberg, 1987). According to the linguistic method (mass 
comparison) used by Greenberg (1987), indigenous languages of the Americas can be 
classified into three phylogenetic units or macrofamilies (Eskimo-Aleutian, Na-Dene and 
Native American languages) (Greenberg, 1987). 
 The Eskimo-Aleut languages diverged from common ancestor at least 4,000 years ago, 
while the Eskimo language family split into the Yupik and Inuit branches around 1,000 years 
ago (Jacobson, 1987). Both Chukotko-Kamchatkan and Eskimo-Aleut language families have 
circumpolar ancestry belonging to Paleo-Siberian languages (Baker et al., 2017). On the other 
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hands, the Na-Dene is a linguistic family from northwestern North America, correlated with 
Amerindian and Circumpolar languages (Baker et al., 2017). The Na-Dene includes the 
Athabaskan, Eyak and Tlingit languages (Sicoli and Holton, 2014), whose divergence time 
was approximately 5,000 years ago (Greenberg et al., 1986). 
 Amerindian languages consist of dozens of distinct language families, which diverged 
more than 11,000 years ago (Greenberg et al., 1986). The indigenous languages of the 
Americas are divided into three main groups according to the geographical area (Greenberg 
and Ruhlen, 2007). The first group encompass the North–Central Amerind languages as the 
Almosan–Keresiouan, Penutian–Hokan, Mayan, Mixe–Zoque, Totonac, Tanoan,Uto-Aztekan 
and Oto-Manguean (Greenberg and Ruhlen, 2007). The second group encompass the 
Southern Amerind languages as the Andean, Chibchan and Paezan. Whilst, the third group 
include the Equatorial and Tucanoan laguages (Greenberg and Ruhlen, 2007). 
 In summary, the linguistic diversity in the American continent is immense and 
complicated resulting from its colonization complex history and human expansions (Reich, 
2018). The linguistic information provides clarity and possible resolutions on cultural 
heterogeneity in the ancestry data, while the genetic ancestry data yield insight into a deeper 
past (Baker et al., 2017). Both approaches enable to describe the evolutionary history of the 
human populations within the cultural and biological contexts, since both language and genes 
are inherited "vertically" (from parents to children) and change "horizontally" depending on 
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Genetic history of America peoples  
 
At present, the origin of Native American populations is one of the most fascinating, 
intriguing, challenging and debated topics in the study of ancient human migrations, which 
puzzles academics from many different fields (Dillehay, 2009; Gnecchi-Ruscone et al., 2019; 
Suarez and Ardelean, 2019; Hoffecker et al., 2021). On the one hand, the exact timing, route 
and process of the initial peopling of the Americas remain uncertain, while on the other hand, 
extensive European and African admixture coupled with loss of Amerindian lineages makes 
the reconstruction of pre-Columbian history of Native Americans based on present-day 
genomes extremely challenging (Dillehay, 2009; Llamas et al., 2016; Gnecchi-Ruscone et al., 
2019; Suarez and Ardelean, 2019; Hoffecker et al., 2021).  
 Genetic Analyses have revealed that the ancient Beringian populations and other 
Native Americans descended from a single founding population that initially split from East 
Asians around 36,000 years ago (Nielsen et al., 2017). The gene flow from ancient north 
Eurasians to proto-Native Americans peoples took place approximately 20,000 – 25,000 years 
ago (Llamas et al., 2016; Nielsen et al., 2017; Ardelean et al., 2020; Willerslev and Meltzer, 
2021). Whilst, the branching off ancient Beringians occurred around 18,000 – 22,000 years 
ago, what it is consistent with the Beringia standstill model (Tamm et al., 2007; Mulligan et 
al., 2008; Nielsen et al., 2017). On the other hands, the Native American groups divergence 
happened around 14,600 – 17,000 years ago (Nielsen et al., 2017). 
 Y-chromosome studies indicate Y-haplogroups Q-M19, Q-M3, Q-M242, and C- 
RPS4Y711 are restricted to the Americas and Asia (Melton, 2008; Battaglia et al., 2013; 
Gómez et al., 2021; Willerslev and Meltzer, 2021). The haplogroup Q-M19 was found only in 
populations from northwestern South America (Ticuna and Wayuu) (Bortolini et al., 2003; 
Huang et al., 2018; Pinotti et al., 2019; Sharma et al., 2021). The parental haplogroup Q-M3 
is found in a mean frequency of 77% in the most Amerindian populations, albeit it is in a low 
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frequency in South Amerindian (9%) and in the Chipewyan (6%) from Canada, but was not 
found in Mongolia (Bortolini et al., 2003; Huang et al., 2018; Pinotti et al., 2019; Sharma et 
al., 2021). 
 The mean frequency of haplogroup Q-M242 in Mongolia is pretty low (4%) compared 
with haplogroup C-RPS4Y711, whose frequency in this population reached 56%, while in 
South and North America (Chipewayan) the mean frequency was 6% (Bortolini et al., 2003; 
Schurr and Sherry, 2004; Huang et al., 2018; Gómez et al., 2021). America and Asia lack of 
lineages P-M45, K-M9, Y, DE-YAP and E-M2. However, P-M45 is found in low frequency in 
South America around 4% and Mogolia 6%, but is the most common in Europe (52%) and the 
Chipewayan (63%) (Bortolini et al., 2003; Dillehay, 2009; Huang et al., 2018; Barbieri et al., 
2019; Pinotti et al., 2019; Sun et al., 2019).  
 According to microsatellite polymorphisms on Y-chromosome, the male lineages have 
a differentiated ancestry for populations from North and South America, since the data for 
this genome indicate the occurrence of two major male migrations from Southern / Central 
Siberia to the Americas, the second migration was restricted to North America, besides the 
male lineages in the Americas have a share ancestry in Central Asia (Bortolini et al., 2003; 
Reich et al., 2012; Huang et al., 2018; Gómez et al., 2021).  
The Y lineage specific to South  America (Q-M19) indicates an isolated during the 
initial colonization of the region, which suggests an early onset of tribalization of Native 
Americans, suggesting different patterns of evolution owing to local differentiations due to 
demographic events, likely triggered by the introduction of agriculture and associated with 
the flourishing of the great empires in the region (Bortolini et al., 2003; Dillehay, 2009; 
Huang et al., 2018; Barbieri et al., 2019; Pinotti et al., 2019; Sun et al., 2019; Gómez et al., 
2021; Sharma et al., 2021). 
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 Mitochondrial DNA (mtDNA) studies based on modern DNA indicate that Native 
American populations have four major founding haplogroups (A2, B2, C1, and D1) and five 
potential haplotypes (C4c, D2a, D3, D4c, and X2a) that could be considered as founder 
lineages (Schurr and Sherry, 2004; Melton, 2008; Noguera-Santamaría et al., 2015; Hoffecker 
et al., 2021). These haplogroups account for between 95-100% of mtDNA polymorphisms 
found in Amerindian populations (Achilli et al., 2008; Melton, 2008; Noguera-Santamaría et 
al., 2015). The haplogroup X2a is restricted to North American populations and has never 
been identified in any ancient or living Central or South American groups (Melton, 2008).  
 The haplogroup A2 is divided into 13 subclades (A2c, A2d, A2d1, A2d2, A2e, A2f, 
A2g, A2h, A2i, A2j, A2j1, A2k, and A2k1), what become it in the most diverse haplogroup of 
Native American populations (Achilli et al., 2008; Noguera-Santamaría et al., 2015; 
Hoffecker et al., 2021). A2 is present in all American continent but also been detected in 
Siberian populations (Tamm et al., 2007; Moreno-Mayar et al., 2018; Hoffecker et al., 2021). 
The haplogroup A2 is divided into 13 subclades (A2c, A2d, A2d1, A2d2, A2e, A2f, A2g, A2h, 
A2i, A2j, A2j1, A2k, and A2k1), what become it in the most diverse haplogroup of Native 
American populations. A2 is present in all American continent but also been detected in 
Siberian populations (Achilli et al., 2008; Hoffecker et al., 2021). 
On the other hands, the haplogroup B2 encompass at least four subhaplogroups (B2a-
B2d). B2a is found throughout North America and is common among the Pima, Ojibwa, and 
Navajo (Tamm et al., 2007; Melton, 2008; Moreno-Mayar et al., 2018). Whilst, B2d is most 
frequent in lower Central and northern South American populations and it has been detected 
in both Wayuú from Colombia and Ngöbé from Panama (Achilli et al., 2008). Another 
haplogroup that is well represented in America is the C1, which is divided into three 
subclades (C1b, C1c, and C1d), haplogroup C4c is only known in a single population (Ijka) 
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from Colombia (Tamm et al., 2007; Melton, 2008; Noguera-Santamaría et al., 2015; Barbieri 
et al., 2019; Delgado et al., 2021). 
 Haplogroup D2 consists of two sister subclades (D2a, D2b) with D2b being found 
only in Siberia and D2a only in the Arctic and subarctic populations (Tamm et al., 2007; 
Melton, 2008; Barbieri et al., 2019; Delgado et al., 2021). Haplogroup X2a has only been 
found in North American populations but has yet to be detected in South American 
populations (Melton, 2008). The absence of these haplogroups in southern Amerindian 
populations and the concomitant detection in arctic and subarctic peoples support partially the 
hypothesis about that the genetic ancestry of the Na-Dene, Eskimos, and Aleuts from 
Beringian or Alaskan is different from the genetic sources that give rise to the first 
Amerindians (Perego et al., 2009; Suarez and Ardelean, 2019; Willerslev and Meltzer, 2021). 
de Saint Pierre et al. (2012), identified two novel mtDNA monophyletic clades, 
preliminarily designated B2l and C1b13 with D1g sub-haplogroup have locally high 
frequencies and are restricted to populations from the extreme south of South America. The 
estimated ages of D1g and B2l, about 15,000 years ago, what agrees with the dating of the 
earliest archaeological sites in South America (Monte Verde, Chile, 14,500 years ago) (de 
Saint Pierre et al., 2012). D4h3a5 sub-haplogroup is restricted to Fuegian-Patagonian 
populations, suggesting the extant native populations inhabiting South Chile and Argentina 
are a group which had a common origin (de Saint Pierre et al., 2012). Therefore, Patagonia 
would have been settled at least about 15 years ago by migrants that followed the Pacific 
coast route (de Saint Pierre et al., 2012; Gómez-Carballa et al., 2018). 
Once arriving to Monte Verde area, the migrants could not be advanced further along 
the Pacific coast owed to the extension of the glaciers, which covered most of the coast of 
Patagonia (de Saint Pierre et al., 2012; Gómez-Carballa et al., 2018; Roca-Rada et al., 2021). 
Then, the migrants crossed the Andes and continued their southern advance on the eastern 
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side; hence, the early colonization process was not just an expansion from north to south, but 
also included movements across the Andes (de Saint Pierre et al., 2012; Gómez-Carballa et 
al., 2018; Roca-Rada et al., 2021; Willerslev and Meltzer, 2021). 
Haplogroup B2l arose early from the B2 haplogroups, likely this lineage brought by 
the early colonizers in the Pleistocene-Holocene limit evolved independently of the B2 
lineages highly represented in northern Chile and Argentina (de Saint Pierre et al., 2012; 
Posth et al., 2018; Nakatsuka et al., 2020). Lineage C1b13 is found in Yámana (Argentina and 
Chile), Kawésqar (Chile), Pehuenche (Argentina and Chile), Tehuelche (Argentina, and 
Chile), Mapuche (Argentina, and Chile) and Huilliche (Chile) peoples (de Saint Pierre et al., 
2012). Lineages D1g (Early Holocene) and D1j (Middle Holocene) are local clades of 
Southern Cone of South America (SCSA), whose ages agree with the dating of the earliest 
archaeological sites in South America, indicating that Paleo-Indians might have reached that 
region from Beringia in less than 2000 years (de Saint Pierre et al., 2012; Roca-Rada et al., 
2021). 
Reich et al. (2012) used high-resolution genetic data to address the issue of the pattern 
of dispersals within the Americas. They assembled data from fifty-two Native Americans and 
seventeen Siberian groups genotyped at 364,470 single nucleotide polymorphisms (SNPs). 
The data revealed that the Native Americans descend from at least three streams of Asian 
gene flow. Most descend entirely from a single ancestral population that they called ‘First 
American’ (Reich et al., 2012). Speakers of Eskimo–Aleut languages from the Arctic came 
from the second stream of Asian gene flow, and the Na-Dene-speaking Chipewyan from 
Canada inherit roughly came from a third stream (Reich et al., 2012). 
 The data of Reich et al. (2012), also showed that the initial peopling followed a 
southward expansion facilitated by the coast, with sequential population splits and little gene 
flow after divergence, especially in South America. However, there is a major exception is in 
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Chibchan speakers on both sides of the Panama isthmus who have ancestry from both North 
and South America (Reich et al., 2012; Achilli et al., 2013; Capodiferro et al., 2021). During 
the Holocene, migrations from Asia introduced the Saqqaq/Dorset Paleoeskimo population to 
the North American Arctic ~4,500 years ago whose ancestry is connected with ancestry found 
in Athabaskan-speakers today (Skoglund and Reich, 2016; Suarez and Ardelean, 2019).  
This was then followed by a major new population turnover in the high Arctic involving 
Thule-related peoples who are the ancestors of present-day Inuit (Skoglund and Reich, 2016; 
Davis et al., 2016; Suarez and Ardelean, 2019; Puzachenko et al., 2021). 
Currently, ancient DNA and mitogenomes studies provide detailed evidence about the 
initial migrations from Northeast Asia source population with differential relatedness to 
present-day Australasian populations, followed by a divergence into northern and southern 
Native American lineages (de Saint Pierre et al., 2012; Skoglund and Reich, 2016; Reich, 
2018). Genome-wide studies have revealed that some Amazonian Native Americas descended 
partly from a Native American founding population that carried ancestry more closely related 
to indigenous Australians, New Guineans and Andaman Islanders than to any present-day 
Eurasian or Native Americans (de Saint Pierre et al., 2012; Raghavan et al., 2015; Skoglund 
et al., 2015; Nielsen et al., 2017). 
Nakatsuka et al. (2020), analysed genome data of Andean archaeological human 
remains dating around 500 – 9,000 years ago, and observed that individuals from South Peru 
Highlands shared more alleles with individuals from North Peru Highlands than with 
individuals from Lauricocha, Peru North Highlands (5,800 years ago). Also, there was an 
important allele swapping between North Peru Highlands and North Peru Coast than with  
Lauricocha, Peru North Highlands (5,800 years ago) and Central Peru Coast  (Fehren-
Schmitz et al., 2014; Nakatsuka et al., 2020). About more than 2,000 years ago, there was a 
gene flow that connected the Titicaca Basin to the South Peru Highlands and North Chile, 
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matching cultural exchange in this region at that time (Santoro et al., 2017; Suarez and 
Ardelean, 2019; Olson et al., 2020; Nakatsuka et al., 2020).  
The differential kinship among North American, Southern Peru and North Chile 
started about 4, 200 years ago and was fully integrated around 2,000 years ago (Posth et al., 
2018; Nakatsuka et al., 2020). The bidirectional gene flow between the North and South 
Highlands, and between the Highlands and Coast, generated genetic heterogeneity in 
Tiwanaku, Titicaca Basin and Cusco about 500 – 2,000 years ago (Nakatsuka et al., 2020).  
Thus, genetic heterogeneity gave way to Cosmopolitanism (people of diverse ancestries 
living side-by-side) in the heartlands of the Tiwanaku and Inca polities (Nakatsuka et al., 
2020). 
Delgado et al. (2021), studied the genetic variation on archaeological human remains 
belonging to late Pleistocene (12,164 years ago) and the final of late Holocene (2,751 years 
ago), from Sabana de Bogotá, Colombia, this region played an important role in the initial 
human expansion into South America. The results showed some individuals from Holocene 
exhibited a back mutation at position 16111 and an insertion at position 64, describing the 
haplogroup as A2+(64)+@16111 (Cardoso et al., 2008; Pérez Sepúlveda, 2016; Delgado et 
al., 2021). Mitochondrial lineages observed in these Pre-Hispanic individuals fell within the 
Native Amerindians branches A2, B2, C1b, D1 and D4h3a, suggesting genetic maternal 
filiation and continuity in northern South America (Fehren-Schmitz et al., 2015; Llamas et al., 
2016; Posth et al., 2018; Noguera-Santamaría et al., 2020; Delgado et al., 2021). 
Capodiferro et al. (2021), analysed pre- Hispanic individuals from Panama dated 
around 630 – 1,430 years ago and Amerindian groups presently living in Panama. The results 
revealed, the Isthmus shows an excess of share allele with modern and ancient Indigenous 
populations from Central and South America compared with Ancestral Beringia (USR-1, 
Upward Sun River, Alaska 11,500 years ago) (Potter et al., 2014; Moreno-Mayar et al., 2018) 
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and Northern Native American (ASO, Ancient Southwestern Ontario, 4,200 years ago) (Posth 
et al., 2018; Scheib et al., 2018; Waters, 2019). Thus, pre-Hispanic demographic events 
currently contributed to the extensive genetic structure seen in the area, which is also 
characterized by a distinctive Isthmo-Colombian Indigenous component (Capodiferro et al., 
2021). This component drives these populations on a specific variability axis and derives 
from the local admixture of different ancestries of northern North American origin(s) 
(Capodiferro et al., 2021).  
However, the Isthmus seems more closely related to Spirit Cave (Nevada, 10,900 
years ago) (Gross, 2018) than to Anzick-1 (Montana, 12,800 years ago) (Rasmussen et al., 
2014) in comparison with Ancestral Beringian (Capodiferro et al., 2021). Two ancestries were 
differentially associated with Pleistocene Indigenous groups that also moved into South 
America, leaving heterogenous genetic traces (Capodiferro et al., 2021). An additional 
Pleistocene ancestry was brought by a still unsampled population of the Isthmus (UPopI) that 
remained restricted to the Isthmian area, expanded locally during the early Holocene, and left 
genomic traces up to the present day (Capodiferro et al., 2021). 
Usually, The Pacific coast populations (Los Rieles, Chile, 10,900 years ago) (Jackson 
et al., 2012; Capodiferro et al., 2021) exhibit greater affinity to Spirit Cave, while the ancient 
genomes from the Atlantic side show the same pattern as Anzick-1 when considering 
individuals older than 7, 000 years ago (Lagoa Santa, Brazil, 10,400 years ago) (Neves et al., 
2013; Capodiferro et al., 2021). Probably, the ancient populations from America had 
distinctive genetic signals that persisted about 7,000 years ago, when they were likely erased 
by a major population turn- over in South America (Moreno-Mayar et al., 2018; Posth et al., 
2018; Capodiferro et al., 2021), facilitated by a widespread population decline resulting from 
mid- Holocene climate changes (Riris and Arroyo-Kalin, 2019; Capodiferro et al., 2021). 
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1.4 Molecular genetic overview 
 There are between 25,000 to 20,000 exons in the human genome (International 
Human Genome Sequencing Consortium, 2004). The human genome has only 1,5% of 
protein exons and 98,5% correspond to Introns or non-coding DNA such as repeat elements, 
pseudogenes, gene fragments, introns or UTR (Untranslated Region) sequences, among 
others (Melton, 2008; Alberts et al., 2015). The current biological function of these genomic 
regions is unknown and genetic polymorphisms in this region are considered selectively 
neutral (Melton, 2008). Therefore, the absence of natural selection as an evolutionary 
explanation for genetic variation in human noncoding regions allows only for two potential 
evolutionary outcomes, genetic drift or gene flow (Melton, 2008).  
 The mutation in noncoding regions do not exceed a frequency of 1% within a 
population (Melton, 2008; Crawford, 2018). Molecular polymorphisms are useful for 
understanding population structure and dynamics in the human genome including single 
nucleotide polymorphisms (SNPs); insertion/deletions (indels); microsatellites (STRs), 
minisatellites (VNTRs), retroelements (Alus, LI, endogenous retroviruses) (Rubicz, 2007). 
Repetitive DNA sequences comprise approximately 50% of the human genome (Treangen 
and Salzberg, 2011). About 8% of the human genome consists of tandem DNA arrays or 
tandem repeats, low complexity repeats sequences that have multiple (Duitama et al., 2014). 
The tandem sequences may be of variable lengths, from two nucleotides to tens of nucleotides 
(Duitama et al., 2014). These sequences are highly variable, even among closely related 
individuals, and so are used for genealogical DNA testing and forensic DNA analysis (Pierce, 
2013). 
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Short Tandem Repeats (STRs) markers 
 
 Microsatellites (STR _short tandem repeats) are DNA sequences in which a fragment 
(whose size ranges from two to six base pairs) is repeated consecutively, the variation in the 
number of repeats creates different alleles (Butler, 2005; Richard et al., 2008; Shrivastava et 
al., 2020). The Combined DNA Index System (CODIS) is the United States national DNA 
database created and maintained by the Federal Bureau of Investigation (FBI) 
(https://www.fbi.gov, 2019). Until December 31, 2016, CODIS included the following 
thirteen loci: CSF1PO, FGA, THO1, TPOX, VWA, D3S1358, D5S818, D7S820, D8S1179, 
D13S317, D16S539, D18S51 and D21S11 (https://www.fbi.gov, 2019). However, from 
January 1, 2017, the CODIS Core Loci added the following seven loci: D1S1656, D2S441, 
D2S1338, D10S1248, D12S391, D19S433 and D22S1045 (https://www.fbi.gov, 2019). The 
loci used in CODIS have been chosen because they are in regions of non-coding DNA 
(https://www.fbi.gov, 2019) and, therefore, these genetic sections should not be able 
additional information about the person such as their hair or eye colour, or their race (ethnic 
group) (Augenstein, 2017). 
 Because STRs markers generate genetic profiles, they are used in a wide variety of 
applications, such as cancer diagnosis, forensic and medical fingerprinting, kinship analysis, 
genetic linkage analysis, sex identification, population genetics, and plant breeding (Pierce, 
2013; Duitama et al., 2014; Shrivastava et al., 2020). In the same way, with the advent of the 
ancient DNA (aDNA) revolution, the microsatellites have turned out to be very useful to 
study the population genetic dynamics, authenticate results and reconstructing kinship among 
the occupants of a necropolis, providing a detailed portrait of the community considered (Oh 
et al., 2012; Seidenberg et al., 2012; Deguilloux et al., 2014; Nores et al., 2020; Shrivastava et 
al., 2020; Alterauge et al., 2021).  
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Hawass et al., (2010), analysed royal mummies belonging to the 18th dynasty of the 
New Kingdom (~ 1550-1070 BC) from Ancient Egypt, via sixteen Y-chromosomal short 
tandem repeats (DYS456, DYS389I, DYS390, DYS389II, DYS458, DYS19, DYS385, 
DYS393, DYS391, DYS439, DYS635, DYS392, Y-GATA-H4, DYS437, DYS438, DYS448) 
and eight polymorphic microsatellites of the nuclear genome (D13S317, D7S820, D2S1338, 
D21S11, D16S539, D18S51, CSF1PO, FGA). The genetic fingerprinting obtained from these 
mummies allowed the rebuilding of the family tree of Tutankhamun, identifying the 
Akhenaten (KV55) and KV35YL as the parents of Tutankhamun (KV62) (Hawass et al., 
2010). The results also suggested that Amenhotep III (KV35) and Tiye (KV35EL) mummies 
were the Tutankhamun's grandparents, while Yuya (KV46) and Thuya (KV46) mummies 
were his great-grandparents (Hawass et al., 2010). 
 Pilav et al. (2017), evaluated the allele frequencies from fifteen STR loci (Penta E, 
D18S51, D21S11, TH01, D3S1358, FGA, TPOX, D8S1179, vWA, Penta D, CSF1PO, 
D16S539, D7S820, D13S317 and D5S818) in the populations of Bosnia and Herzegovina. 
The study revealed that, when comparing the aforementioned populations, with neighbouring 
populations, there were significant differences in allele frequencies between Bosnian and 
Herzegovinian, and the Turkish, Croatian, Austrian, and Italian populations (Pilav et al., 
2017). The genetic distance analysis showed that the Bosnian and Herzegovinian populations 
had closer genetic relationships with the Serbian, Slovenian and Hungarian populations than 
with Turkish populations (Pilav et al., 2017). 
 Whilst, Russo et al. (2018), determined the genetic structure of the South-Central 
Andes area populations from individuals dated 900 – 1,4300 years ago, via analysis of fifteen 
STR loci (D2S1338, D3S1358, vWA, FGA, D5S818, D7S820, D8S1179, D13S317, 
D16S539, D18S51, D19S433, D21S11, TH01, CSFPO, and TPOX). The results revealed 
structuring signals into Lauricocha, North West Argentina and Inca, Peru populations (Russo 
et al., 2018). Genetic distances showed a strong differentiation between Peruvian Inca 
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individuals and individuals from Quebrada de Humahuaca and Lauricocha (Russo et al., 
2018). In South America, genetic structuration occurs from west to east between the Andean 
and lowland regions (Rothhammer et al., 2017; Russo et al., 2018). Therefore, genetic 
differentiation of the populations of the South-central Andes Area preceded European contact, 
suggesting divergence among temporally different populations might be reflecting socio-
political changes that occurred in the pre-Hispanic Andean societies (Russo et al., 2018). 
 STR markers in ancient DNA studies are frequently used to ascertain the migration 
patterns of human population by crossing comparison of population genetic signals between 
DNA of ancestral remains from a specific place and people living there today (Zar and 
Aslamkhan, 2020; Zhou et al., 2021). Also, STRs markers are most useful to identify an 
unknown person from his/her skeletal material by matching his/her DNA to a known relative, 
allowing to establish a genetic link between dead and living individual and solving in this 
way some historical mysteries (Zar and Aslamkhan, 2020). An example of this type of studies 
is kinship evaluation of human remains deposited in the Merovingian necropolis sarcophagi, 
Jau Dignac et Loirac, France, 7th–8th century AD, by ancient DNA analysis (Deguilloux et 
al., 2014) or Lichtenstein cave, Germany (10th–9th century BC), where the researches wanted 
to clarify whether the cave was used as a sacrificial site or as a burial place (Seidenberg, 
2017). The ancient DNA analysis resulted in the kinship reconstruction (genealogy) of a 
Bronze Age family clan, indicated that, the cave has been used as a burial place (Seidenberg, 
2017). 
 Alterauge et al. (2021), performed a genetic studied of three noble families from the 
seventeenth to nineteenth centuries AD entombed in burial crypts at the cloister church of 
Riesa, Germany by STR and mtDNA analysis. Ancient DNA extracts were amplified through 
using of the AmpFLSTRTMTM, NGM SElectTM and NGM DetectTM commercial kits 
(Alterauge et al., 2021). The results revealed family relationships of first to third-degree 
within the cohort (Alterauge et al., 2021). Biostatistics and lineage markers linked four 
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unknown individuals to the von Felgenhauer family (Alterauge et al., 2021). In addition, the 
pedigrees of the families Hanisch/von Odeleben and von Welck were reconstructed 
(Alterauge et al., 2021). 
 Finally, Muinde et al. (2021), evaluated the geographical and linguistic structure in 
Kenyan peoples from twenty-one autosomal STRs, analysed via GlobalFilerTM multiplex. The 
genetic material belonged to indigenous Kenyans from eight former provinces, forty-three of 
its forty-seven counties, three main linguistic families, and all twenty-nine ethnic groups 
(Muinde et al., 2021).  This study revealed significant genetic differentiation among the three 
Nilotic languages sub-families, with Western Nilotes (the Luo ethnic group) showed greater 
genetic similarity to the Bantu than the Southern and Eastern Nilotes which themselves 
showed closer affinity to the Cushitic speakers (Muinde et al., 2021). The genetic information 
obtained in this research concurred with linguistic and social studies, suggesting that both the 
distribution of languages and the distribution of the genetic diversity of ethnic groups 
analysed to tend to correspond to each other (Muinde et al., 2021). 
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Mitochondrial DNA (mtDNA) 
 Mitochondrion genome is a double-strand circular DNA, consisting of ~16,569 bp 
(Fernández Domínguez, 2005; Floros et al., 2018; Mingroni-Netto, 2021). It contains a 
coding region with thirty-seven exons, distributed in twenty-two transference ribonucleic 
acids (tRNA), thirteen structural genes, coding for the enzymatic complexes of oxidative 
phosphorylation system and two ribosomal RNA (rRNA) (Pakendorf and Stoneking, 2005; 
Floros et al., 2018; Stewart and Chinnery, 2021). Furthermore, it contains a non- coding 
region known as the control region, which includes a section of 1,200 bp known as the D 
loop, and it is located between genes that coding for proline tRNA and phenylalanine tRNA 
(Pakendorf and Stoneking, 2005; Burr et al., 2018; Mingroni-Netto, 2021).  
 Control region stands out for its high mutation rate, approximately ten times higher 
than in the coding regions, this corresponds to 0.075-0.167×10-6 substitutions/site/ year, and 
for its high intrapopulation variability (Stoneking et al., 1992; Hasegawa et al., 1993; 
Pakendorf and Stoneking, 2005; Marquis et al., 2017; Floros et al., 2018; Kopinski et al., 
2019; Mingroni-Netto, 2021). This variability is centralized in three regions or hypervariable 
segments: HVSI in position 16024-16365, HVSII in position 73-340 and HVSIII in position 
440-560 (Fernández 2000; Mingroni-Netto, 2021). Moreover, the mitochondrion genome is 
also presented polyplasmy (Fernández 2000). Polyplasmy refers to the high number of 
mtDNA copies that exist in each mitochondrion and consequently, in the cell (Fernández 
Domínguez, 2005; Kopinski et al., 2019; Stewart, 2021).  
 A mitochondrion can have approximately 10,000 – 1,000 copies of mtDNA, these 
multiple copies are not necessarily all identical (Shitara et al., 1998; Fernández Domínguez, 
2005; Pakendorf and Stoneking, 2005; Marquis et al., 2017; Burr et al., 2018; Nissanka and 
Moraes, 2020; Rebolledo-Jaramillo et al., 2021).  
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Different mtDNA molecule in an individual is known as heteroplasmy. Usually, the 
populations have a heteroplasmy of around 14% (Pakendorf and Stoneking, 2005; Wei et al., 
2019; Mingroni-Netto, 2021). However, at the individual level, the homogeneity of mtDNA 
molecules suggests during the early stages of oogenesis the number of mitochondrial is 
reduced owing to a severe bottleneck (Fernández Domínguez, 2005; Pakendorf and 
Stoneking, 2005; Kopinski et al., 2019; Atilano et al., 2021). 
 Mitochondrion DNA lacks recombination since it is transmitted by the maternal line 
(Campbell et al., 2006; Melton, 2008; Marquis et al., 2017; Floros et al., 2018; Kopinski et 
al., 2019; Wei and Chinnery, 2020). The sperm mitochondria are marked by ubiquitination 
and selectively destroyed in the oocyte thus, paternal mtDNA is not present in the fertilization 
product (Shitara et al., 1998; Eker et al., 2019; Sayed et al., 2021). This mode of uniparental 
inheritance allows researchers to trace the relationship between lineages over time, 
highlighting the maternal ancestry of a population, without being confused with the effects of 
nuclear DNA recombination on biparental inheritance (Henze and Martin, 2003; Wei et al., 
2019; Mingroni-Netto, 2021). In summary, Polyplasmy, maternal inheritance and high 
mutation rate make mtDNA especially useful in the reconstruction of the recent past of 
human populations (Gilbert et al., 2008; Crawford, 2018). 
 Early human mtDNA genetic history studies used high-resolution restriction fragment 
length polymorphism (RFLP) analyses and focused on the entire mtDNA genome (Barrantes, 
1993; Schurr, 2004; Crawford, 2018). These were used to identify mitochondrial lineages or 
haplogroups, to characterize and study the evolutionary history of different populations 
around the world (Schurr and Sherry, 2004; Melton, 2008). Therefore, any observed variation 
in mtDNA can be attributed to mutation and the timing of the event can be estimated using 
the mutation rates (Melton, 2008). 
  
Introduction  46 
 
The advances in molecular method and analysis techniques, such as polymerase chain 
reaction (PCR), automatic sequencing and next-generation sequencing (NGS), have allowed a 
better characterization of polymorphisms in the human genome (Schurr and Sherry, 2004; 
Melton, 2008; Matisoo-Smith and Ramirez, 2010; Nowakowska, 2017; Gates et al., 2021; 
Soni et al., 2021). Whilst, Bayesian and multivariate statistical methods have generated 
phylogenetic trees with higher resolution (Melton, 2008; Yang and Zhu, 2018; Pett and Heath, 
2020; Yon et al., 2021). This has allowed studying at microevolutive level the population 
dynamics and understood how the evolutive forces shaping the genetic structure of the 
populations (Stoneking et al., 1992; Rubicz, 2007; Relethford, 2012; Geer, 2020; Okazaki et 
al., 2021). 
 Nowadays, the ancient mtDNA studies have enabled to trace early human migrations 
at the genetic level, to infer demographic events that took place in pre-LGM (Last Glacial 
Maximum) and post-LGM era in Europe (Fu et al., 2016; Posth et al., 2016; Ehler et al., 
2019). Moreover, mtDNA was used in several kinship studies as a molecular marker which 
excludes direct maternal kinship between ancient individuals (Haak et al., 2008; Lee et al., 
2014; Juras et al., 2017; Mathieson et al., 2018; Ehler et al., 2019). Consequently, the ancient 
mtDNA offers the opportunity to trace demographic changes that shaped past and modern 
populations mtDNA variation (Ehler et al., 2019). 
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1.5 Justification and Goals 
  
 Ancient DNA researches offer a valuable opportunity to expand the current knowledge 
about the genetic structure and demographic histories of Oceania, Central and South America 
via DNA fingerprinting and mtDNA sequences. Additionally, social, medical and forensic 
sciences could use this sort of data as feedback to improve their background about the 
ancestry and ethnic admixture of the population aforementioned, which would enable to 
perform comparative studies between modern and ancient human populations to evaluate the 
level of genetic erosion on these populations via determination of deleterious gene variants 
that could provoke genetic diseases. Besides, the presence and effect of these genetic variants 
could be traced in the current populations, which would allow establishing the genetic charge 
or susceptibility to a disease in a given population. 
 The goals of this dissertation are structured as follows: a general objective which 
consists of to describe the ancient genetic landscape of Oceania, South America and Panama 
populations via archaeological human remains analysis, and four specifics aims which consist 
of 1) to describe the grade of genetic variation mitochondrial DNA of the Oceanian, 
Panamanian and South American samples; 2) to determine the genetic profile of 
archaeological human remains using STR genotyping; 3) to identify and assess the presence 
of genetic variants considered as uncommon or rare in the current populations; and 4) to infer 
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2 Materials and Methods 
2.1 Sample selection and bone material description 
 One hundred twenty-five paleo-anthropological remains were analysed. According to 
their geographical origins, these individuals belonged to the continental regions of Oceania and 
America. The Oceania samples came from the subregions of Melanesia and Polynesia, also 
there were individuals whose specific subregion within Oceania was unknown. Whilst, the 
America samples came from Panama and South America (Peru, Chile, Venezuela, Bolivia and 
Brazil) subregions. Consequently, this study encompassed three population groups, which 
belong to ten different countries within two continental regions (Table 1). 
Samples and Populations 
 
 According to the archaeological and anthropological records of the Historical 
Anthropology and Human Ecology Institute of the Georg-August University of Göttingen, 
Germany, the samples from Oceania and South America date to pre-European contact period, 
between 500 – 800 years ago. While the Panamanian samples provided by the archaeology 
laboratories of Smithsonian Tropical Research Institute also fall into the pre-European period, 
and their dated ages with C14 range between 590 – 1150 years ago. It is important to bear in 
mind that the age ranges of Oceania and South America are based on the archaeological records 
from ethnohistorical Institute of Hamburg University. 
 The Panamanian samples were included in this work, since this region is considered as a 
land bridge or biological corridor between North and South America. Therefore, these samples 
could be considered as a link between the peoples of both hemispheres of the American 
continent. The first anatomically modern humans reached the Isthmus of Panama (southeast of 
Central America between the Pacific and Atlantic oceans) around ~11,000 years ago (Cooke, 
2005). After this migration wave, the human groups that lived in this continental area 
established contact, developed agriculture about ~ 7,000 – 9,000 years ago and established 
rudimentary societies around ~4,500 – 7,000 years ago (Cooke, 2005; Cooke et al., 2013).  
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 Thus, the archaeological and anthropological evidence provided by Cooke, 2005 about 
the arrival of the first humans to what is now the Isthmus of Panama is supported by genetic 
information provided by the work of Posth et al., 2018 about the deep history of the population 
of Central and South America.According to Posth et al., 2018 research the Clovis-associated 
Anzick-1 genome at  ~12,800 shares distinctive ancestry with the oldest Chilean, Brazilian, and 
Belizean individuals, this supports the theory of a population expansion that spread from North 
America towards Central and South America (Posth et al., 2018) which is consistent with the 
evidence of the human presence in Panama about 11,000 years ago (Cooke, 2005). 
Table 1. Geographical distribution of populations and number of individuals (N)  
(Appendix 6.1 – 6.3). 
Zone / Country Subregion Region / Continent N 
New Zealand Polynesia Remote Oceania 1 
Samoa Polynesia Remote Oceania 1 
Bismark Archipelago Melanesia Near Oceania 22 
Unknown Without assign Oceania 10 
Venezuela South America America 2 
Bolivia South America America 2 
Brazil South America America 3 
Chile South America America 5 
Peru South America America 18 
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2.2 Selection of skeletal material 
 
 Petrous bone and the cementum layer of unbroken teeth roots are skeletal tissues better 
known to best preserve endogenous DNA (Hansen et al., 2017). Moreover, given their location 
in the skull, these skeletal elements provide good protection for DNA in many environments, 
since both the compact structure of these skeletal materials and the chemical composition of 
their extracellular matrix, which is primarily made up of an inorganic salt called hydroxyapatite 
(Ca5(PO4)3(OH)), they provide a high density to both petrous bone and dental cementum, 
allowing high resistance against chemical, physical and biogenic decomposition (Kendall et al., 
2018), and under certain circumstances they seem to be less susceptible to contamination with 
modern DNA (Adler et al., 2011; Pinhasi et al., 2015). In 2007, Rohland and Hofreiter managed 
to extract DNA starting from teeth and bones from samples of cave bears and mammoths 
belonging to the Pleistocene epoch (Rohland and Hofreiter, 2007).  
 Fehren-Schmitz et al. (2010) extracted DNA from pre-Columbian archaeological human 
remains from the southern coast of Peru, where the population dynamics of these individuals 
was studied through the analysis of their mtDNA (Fehren-Schmitz et al., 2010). Similarly, 
Seidenberg et al. (2012) recovered ancient DNA from German paleoanthropological samples 
belong to Bronze Age, and early nineteenth century, as well as from archaeological human 
remains from the Peruvian highlands dated approximately 800 years ago. The aDNA of these 
samples was used to develop a miniSTR heptaplex system to evaluate the genetic fingerprint 
of samples with very low DNA concentration (Seidenberg et al., 2012).  
 Pinhasi et al. (2015) got an optimal ancient DNA yields from the inner ear part of the 
human petrous bone when analysed paleoantropological samples from Central Europe, Central 
Asia, Southeast Asia, the Levant, Anatolia, and North Africa. The age of these specimens 
ranged between 10,000–1,800 years ago (Holocene) (Pinhasi et al., 2015). The high efficiency 
in preserving endogenous DNA from bioarchaeological samples has shown that both petrous 
bone and dental roots are the best substrates to extract aDNA from ancient samples (Hansen et 
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al., 2017). Therefore, owing to above, petrous bone and teeth are the best choices to recover 
DNA from paleoanthropological samples belong to tropical environments and pre-European 
contact times in Oceania and America. 
 Petrous part of the temporal bone is wedged between sphenoid and occipital in the 
cranial base, is inclined up and anteromedially; it has a base, apex, three surfaces and margins. 
The acoustic labyrinth is within it (Williams et al., 1989). The petrous bone is among the most 
basal elements of the skull and forms part of the endocranium (Fig. 3) (Williams et al., 1989). 
The otic capsule, of particular interest to this study, develops from the cartilaginous 













The teeth are a hard anatomical organ embedded in the alveolar processes of the 
maxillary bones and jaw through a special type of joint called gomphosis (Williams et al., 
1989). The parts of the tooth are: the enamel, dentin, cementum, and pulp (Fig. 4) (Williams et 
al., 1989; Nanci, 2017). 
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 Enamel is the hardest and most highly mineralized substance of the body, ninety-six 
per cent consists of calcium phosphate crystalline (hydroxyapatite), and four per cent is water 
and organic material (Nanci, 2017).  
 Dentin is porous, yellowish, made up of seventy per cent of inorganic materials, twenty 
per cent organic materials and ten per cent water (Nanci, 2017).   
 Cementum is a substance covering the root of a tooth, it is compound by approximately 
forty-five per cent of inorganic material (mainly hydroxyapatite), thirty- three per cent organic 
material (mainly collagen) and twenty-two per cent water (Williams et al., 1989; Nanci, 2017).  
 Dental pulp is the central part of the tooth filled with soft connective tissue, along the 
border between the dentin and the pulp are odontoblasts, which initiate the formation of dentin 




















Figure 4.  Schematic representation of tooth parts and its regions.  
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2.3 Sample preparation for DNA extraction 
 
 To make sure of working with samples (as far as teeth concerning) whose contact with 
environmental materials and modern DNA (from archaeologists, anthropologists, technicians, 
students, and others) would have been minimal, only those teeth that were attached to the dental 
alveolus (tooth sockets) of the maxilla or mandible were selected for DNA extraction.   
Cleaning and prevention of contamination 
 
 Before to start with the sampling process in the preparation room, all surfaces and 
instruments (tweezers and spatulas) were cleaned with Alconox®, 6 % sodium hypochlorite 
(NaClO), double distilled water (ddH2O), and 70% ethanol (Fehren‐Schmitz et al., 2010; 
Seidenberg et al., 2012; Flux et al., 2017). Glassware, tweezers and spatulas were sterilized 
through washes with hot water, Alconox® and NaClO, then they were rinsed, first with hot 
water and after with ddH2O and 70% ethanol. Before handling each skull, the hands covered 
with latex gloves without powder were washed with warm water and Alconox®, and then they 
were rinsed with water and 70% ethanol. Instruments and work areas were cleaned and 
sterilized after working each sample. 
Extraction of teeth and petrous bone 
 
 To soften the bone tissue covered the tooth, ddH2O was added around dental alveoli. 
Later, the tooth was extracted with tweezers, exerting little pressure and gently pulling. The 
extraction should be clean that is, the dental root should be intact. Afterwards, the dental crown 
was separated from the root using a dental saw was used (Fig. 5). Subsequently, the root was 
cleaned immersing it per 15 min in a glass beaker with 6% NaClO, and it was rinsed up 
immersing it immediately, after the previous step, per 15 min in a glass beaker with ddH2O. 
This process was performed to avoid contamination with modern DNA or environmental dirt 
(dust, soil particles among others). The samples were placed on foil inside an oven at 37°C 
overnight.  
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 For the petrous bone, the process was simpler, the part petrous of temporal bone was 
separated from the skull (Fig. 5) using the instrument aforementioned to disjoin the crown of 
the dental root. The cleaning and drying process was identical to the tooth. Later, the root and 
petrous bone were ground up until getting bone powder. Mill conditions were 24 Hz/s per 15 – 
20 seconds. Afterwards ground up process, the bone powder was placed in a 15 mL sterile 











Figure 5. Cutting lines to obtain tooth root and petrous bone. A. Molar with the mark off area 
to disjoin the crown from the root. B. Skull from palaeoanthropological sample from Oceania. 
A B 
Materials and Methods   
 
55 
2.4 Contamination prevention measurements 
 
 Paleogenetics or archaeogenetics is a relatively new field, compared with traditional 
genetic research. The most important fact about this kind of research is the high risk of 
contamination of bioarchaeological material under study with modern DNA. Thus, failed 
researches owing to shortage of endogenous DNA, unlikely or null results and contamination 
are the most common nemesis of the paleogeneticists when working with this type of samples. 
These concerns increase when referring to samples from the tropical humid and oceanic 
climates since these environmental conditions do not benefit the preservation of the samples 
and much less of the DNA (Herrmann and Hummel, 1994; Llamas et al., 2017).  
 Therefore, to avoid contamination and getting valid results is important to follow 
authenticity criteria and biosecurity protocols (Llamas et al., 2017). Given that archaeological 
human remains used in this work belonged to anthropological collections, was impossible to 
know whether the exhumation methods used by archaeologists or anthropologists during the 
fieldwork were suitable for ancient DNA studies. Accordingly, a rigorous sample 
decontamination protocol was followed as well as the preparation of blanks and positive control 
for each stage of DNA extraction and PCR amplification. 
 To control the contaminating DNA in the laboratory, all samples were processed in a 
dedicated ancient DNA laboratory. The risk of contamination with modern DNA was controlled 
through genotyping and mitochondrial DNA sequencing of all personnel that had contact with 
the samples (researchers and technicians). Finally, the exposure to contaminating DNA was 
controlled and limited in the laboratory since during the handling of samples, latex and nitrile 
gloves, chemistry protection goggles, laboratory suit, mask and cap were used (Llamas et al., 
2017).  
 Sample preparation was carried out following the Korlević et al. (2015) protocol, whose 
principle is the chemical destruction of contaminating DNA and removing of environment 
material via treating the sample with bleach and double-distilled water. Although this method 
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could affect the endogenous DNA, it is the most suitable cleaning option for small or delicate 
samples as hair, dental calculus, teeth and small bones fragments (Korlević et al., 2015; Llamas 
et al., 2017). All samples used in this study were cleaned with 6% NaClO per 15 min and rinsed 
double-distilled water per 15 min, then they placed inside an oven at 37°C overnight. 
 For each sample were carried out two separate DNA extractions. Extraction controls 
consisted of blanks and positive controls for each batch of extraction. The blanks or negative 
controls were used as monitors for DNA contamination during the extraction process (Llamas 
et al., 2017), while the positive controls were used as extraction process success monitors. 
Regarding PCR amplification, for each DNA extraction, two separated PCR reactions were 
performed with their respective negative and positive controls. In this point, each sample had 
two independent DNA extracts and eight PCR amplification, four for genotyping, and four for 
mitochondrial DNA HVSI sequence. 
 Experimental replications were performed to control the inconsistencies of the results 
(Llamas et al., 2017) if any. The genotyping of samples validated the authenticity of ancient 
DNA, genetic fingerprinting was done via six Combined DNA Index System (CODIS) STRs 
markers and amelogenin gene (Seidenberg et al., 2012). Whilst, the authenticity of 
mitochondrial DNA sequences was verified through phylogenetic and population genetic 
analyses (Fehren-Schmitz et al., 2010; Llamas et al., 2017). 
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2.5 DNA extraction processes 
 
 Prior to address the DNA extraction process, it is important to consider the climatic 
conditions of the regions where samples came from. Both for Oceania and Panama and South 
America, the climatic conditions are tropical, which made difficultly but not impossible the 
DNA extraction with the conventional or standard methods. It is because of that in the present 
work, the traditional protocols to extract DNA were tested and adapted until getting two 
successful methods for tropical samples. 
 The protocol used on Oceania samples was developed in the paleogenetics and forensic 
genetics laboratories of Historical Anthropology and Human Ecology Department of the 
Johann Friedrich Blumenbach Institute for Zoology and Anthropology, at Georg-August 
University of Göttingen by Hummel, 2003 and Flux et al., 2017. While for the Central and 
South American samples was used a protocol especially developed, in this work, for tropical 
"picky" samples. This methodology is based on Hummel, 2003, Rohland and Hofreiter, 2007 
and Flux et al., 2017 ancient DNA extraction methods. 
Protocol for Oceanian sample materials 
 
 This DNA extraction procedure consisted of three incubation rounds. During the first 
round, it was added 3.9 mL of EDTA (Ethylenediaminetetraacetic acid) Titriplex®III, Merck  
 0.5 M pH 8.0 and 100µL of proteinase K (PK) Merck 600 U/mL pH 7.5 to 200 mg of bone 
powder, and it was incubated at 37°C per 18 hrs with rotation at 350 rounds per hour (rph) 
(Hummel, 2003). To avoid leaks or drips of bone powder solution during this process, the 15 
mL Falcon® tube was sealed with Parafilm® M, American National Clan™  
 In the second incubation round, 50µL of proteinase K was added to the bone powder 
solution and it was incubated at 56°C per 2hrs at 350 rph. Finally, in the third incubation round, 
50µL Sodium dodecyl sulfate (SDS) Sigma-Aldrich® 10mg/mL was added to the bone powder 
solution, and it was incubated at 65°C per 5 min with rotation at 350 rph, and at the end of the 
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incubation process, the tubes with the lysis product were centrifuged with a short spin 
(Hummel, 2003; Flux et al., 2017).  
 Subsequently, two 15 mL Falcon® tubes were used per each sample, since one of them 
contained 3 mL of Roti®Phenol (C6H6O6), and the other one had 4,5 mL of LiChrosolv® 
chloroform (CH3Cl), Merck, these tubes were labelled with the sample ID and the name of its 
respective reagent. The lysis product was added to the phenol tube and mixed it softly by 
inversion per 6 min at room temperature (RT), and then it was incubated at 56°C per 10 min. 
Afterwards, the aqueous phase was transferred to chloroform tube and the same processes was 
repeated with phenol (Flux et al., 2017). The DNA binding was carried out through using the 
commercial binding buffer from Qiagen® (PB-buffer).  
 The aqueous phase from the previous step with chloroform was transferred to a 50 mL 
Falcon® tube, labelled with sample ID, which contained 16 mL of Qiagen® PB-buffer and 100 
µL of sodium acetate (C2H3NaO2) or (NaOAc) Invitrogen™, 3M pH 5.2. This solution was 
mixed softly by inversion and centrifuged at 3,300 relative centrifugal force (rcf) per 3 min 
(Flux et al., 2017). Later, the solution of 50 mL Falcon® tube was transferred to a funnel 
connected to a MinElute™ spin column, with sample ID, which in turn was connected to 
vacuum system Qiagen® Qiavac and started the draining process of Qiagen® PB-buffer once 
this stage was finished, the funnel was disconnected from the column. The remainders of 
Qiagen® PB-buffer salts, in the silica membrane, were washed adding 700 µL of Qiagen® PE-
buffer and incubating at RT per 5 min, and incubating at RT per 5 min, and then, the vacuum 
system was turned on to remove the Qiagen® PE-buffer, this process was repeated two times 
more. 
 To remove the remains of PE-buffer, the MinElute™ column was centrifuged at 1,300 
rpm per 1 minute and then it was incubated at RT per 5 min to evaporate the ethanol. DNA 
elution step was carried out using pre-heated nuclease-free water at 56°C. The MinElute™ 
column was placed inside a 1.7 mL Eppendorf® tube, previously labelled with sample ID, 
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extraction date and name initials of the person in charge of the extraction process. it was added 
20 µL of Ambion® nuclease free water, Invitrogen into silica membrane, left to incubate at RT 
per 5 min, this process was repeated two times more. After the final elution, the DNA was 
stored at -20°C until PCR amplification. 
Protocol for Panamanian and South American sample materials 
 
 Usually, paleoanthropological samples from tropical regions, especially from Panama and 
South America stand for a struggling challenge to carry out paleogenetic studies on these areas, 
which represent a critical point as for the study of the peopling of America and subsequent 
human migrations through the continent. It is for this reason that working with this type of 
samples, besides being a challenge; it is also an opportunity to understand the dynamics of 
populations in these regions prior to European contact.  
 The improvement or adjustment of some DNA extraction and amplification protocols 
allows obtaining suitable or at least viable amounts of ancient DNA (aDNA) endogenous. Once 
obtained this genetic material, it is possible to infer the genetic landscapes and studying the 
ancient genetic profiles, population dynamics, demographic histories and more of ancient 
peoples belonging to Central and South America. 
 Given that, these batches of samples presented more problems than Oceania samples to 
obtain DNA. It was necessary to develop a suitable protocol for Central and South America 
samples. The base protocols used to develop the aDNA extraction method for tropical samples 
were the following: Rohland and Hofreiter, 2007; Fehren‐Schmitz et al., 2010; Flux et al., 2017. 
These protocols are based on organic extraction methods with phenol-chloroform, Sigma-
Aldrich® Guanidine thiocyanate (GusSCN), Sigma-Aldrich® Guanidine hydrochloride 
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South America  
 
 The composition of extraction buffer was the first thing changed since it was necessary to 
increase the proteinase K activity, whereby two non-ionic detergents were added to the bone 
digestion reaction. Triton™ X-100, Sigma-Aldrich® and Tween® 20 molecular grade, Sigma-
Aldrich®, and ultra-pure water/ nuclease-free or LiChrosolv® HPLC (High Performance 
Liquid Chromatography) water Merck were used to prepare an additive capable of increasing 
the effectiveness of proteinase K without affecting the activity of the other chemical components 
in subsequent steps. The stock solution concentration for this reagent was prepared at 50X (50 
times concentrated). While the final concentration into the digestion or lysis reaction should be 
1X.  
 This DNA extraction process began by adding of adding 3.82 mL EDTA, 80 µL additive 
and 100 µL of proteinase K to 200 mg bone powder then it was incubated at 38°C per 18 hrs 
with rotation at 350 rph. To avoid leaks or drips of bone powder solution during this process, 
the 15 mL Falcon® tube was sealed with Parafilm® M, American National Clan™. 
Subsequently, between 100 µL of proteinase were added to the digestion reaction and it was 
incubated at 56°C per 2 hrs at 350 rph. Finally, starting from the third incubation round, the 
stages of extraction with phenol-chloroform, binding and elution of DNA were identical to 
those used in the Oceania protocol above explained. 
Panama  
 
 On this occasion, besides to utilise the modified extraction buffer, also a new DNA 
binding buffer was prepared, its main component was guanidine thiocyanate 5M, whose 
function was to prevent the RNase and DNase activity by denaturation and also allowing the 
highest DNA binding to the silica membrane assembled within the MinElute™ column (Esser 
et al., 2006). This buffer was prepared the same day of its use, albeit it is possible to prepare it 
a few days before its use and store it in a dark room at RT (20 – 23°C) (Rohland and Hofreiter, 
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2007). The maximum storage time is three weeks before the GuSCN loses its activity and 
become unstable for DNA binding use (Rohland and Hofreiter, 2007). 
 To protonate the DNA or create the cations bridge between silica matrix and DNA, 
sodium acetate 3M pH 5.2 was used. Dynamics of this chemistry interaction, in a nutshell, is 
as follows: the GuSCN generates a stable layer of cations around the silica matrix negatively 
charged (Cockle et al., 1978; Esser et al., 2006). Whilst, the NaOAc increases the ionic strength 
forming the cation bridge with sodium ions, which join to the phosphate groups of DNA and to 
the silica matrix, thus improve the elution process of DNA (Esser et al., 2006; Wang et al., 
2013). The salts were removed from the silica membrane through several washed with a 
commercial buffer (PE), in this case, from Qiagen® company, this procedure leaves the DNA 
free of salts and ready for the elution and storage process.  
 The DNA extraction process began by adding 3.82 mL EDTA Titriplex®III, Merck, 80 
µL additive and 100 µL proteinase K, Merck to 200 mg of bone powder then it was incubated 
at 38°C per 18 hrs with rotation at 350 rph. To avoid leaks or drips of bone powder solution 
during this process, the 15 mL Falcon® tube was sealed with Parafilm® M, American National 
Clan™. Subsequently, 100 µL of proteinase K, Merck were added to the digestion reaction, and 
it was incubated at 56°C per 2 hrs at 350 rph. 
 The third incubation round and the stages of extraction with phenol-chloroform were 
identical to those used in the Oceania protocol above explained. The aqueous phase from the 
previous step with chloroform was transferred to a 50 mL Falcon® tube labelled with sample 
ID, which contained between 16 mL of GuSCN buffer 5M and 100 µL of NaOAc Invitrogen™, 
3M pH 5.2. This solution was mixed softly by inversion and centrifuged at 3,300 rcf per 3 min.  
 Later, the solution of 50 mL Falcon® tube was transferred to a funnel connected to a 
MinElute™ spin column, with sample ID, which in turn was connected to vacuum system 
Qiavac Qiagen® and started the draining process of GuSCN buffer once this stage was finished, 
the funnel was disconnected from the column. The remainders of GuSCN buffer salts, in the 
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silica membrane, were washed adding 700 µL of PE-buffer and incubating at RT per 5 min, and 
incubating at RT per 5 min, and then, the vacuum system was turned on to remove the PE-
buffer, this process was repeated two times more. 
 To remove the remains of PE-buffer, the MinElute™ column was centrifuged at 1,300 
rpm per 1 minute, and then it was incubated at RT per 5 min to evaporate the ethanol. DNA 
elution step was carried out using pre-heated nuclease-free water at 56°C. The MinElute™ 
column was placed inside a 1.7 mL Eppendorf® tube, previously labelled with sample ID, 
extraction date and name initials of the person in charge of the extraction process. It was added 
20 µL of nuclease-free water into silica membrane, left to incubate at RT per 5 min, this process 
was repeated two times more. After the final elution, the DNA was stored at -20°C until PCR 
amplification. 
 
Materials and Methods  63 
 
2.6 PCR amplification 
 
 Due to the nature of the samples, explained above, the PCR reactions and conditions were 
adjusted, in the same way as was done during the DNA extraction process. For Oceanian 
samples, the PCR reaction and conditions for amplification were performed without major 
problems. However, Central and South American samples needed two different PCR reaction 
enhancers, also developed during this work. PCR cycles during the annealing stage of 
amplification process also were adjusted. In a nutshell, the Polymerase Chain Reaction (PCR) 
consists of cycles of reaction heating and cooling (Mullis and Faloona, 1987).  
 Each temperature plateau is used to control a defined stage of the reaction and the 
incubation times (Douglas and Atchison, 1993). The initial denaturation phase consists of a 
period at high temperature, during which the secondary structure of the complex double-
stranded DNA (dsDNA) is melted to become single-stranded DNA (ssDNA) (Douglas and 
Atchison, 1993). During the shorter denaturation step that initiates the cycling (10 sec to 1 min 
at 95°C), the DNA strands of the target sequence separate to form single strands, just as in the 
initial denaturation stage. The reaction is then cooled to the primer annealing temperature 
(Douglas and Atchison, 1993). 
 The annealing step (30 sec to 1 min, at temperatures 45°C – 60°C), is required so that the 
primers bind to the complementary sequence on each of the DNA single strands (Douglas and 
Atchison, 1993; Morrison and Gannon, 1994). The final stage is the extension step (20 sec to 1 
min at 72°C), which is performed so that the DNA polymerase extends the primer sequences 
from the 3’ of each primer to the end of the amplicon (Morrison and Gannon, 1994). At the start 
of the second cycle, two forms of the template are in the reaction; original DNA strands and 
the newly synthesized DNA strands, consisting of the primer sequence followed by variable 
lengths of the amplicon extended at the 3’ end (Morrison and Gannon, 1994).  
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 Remaining original DNA strands that were not primed in the first cycle may be captured 
in the second and result in molecules consisting of primer and extension product (Douglas and 
Atchison, 1993; Morrison and Gannon, 1994). The molecules from the first cycle that were 
primed and extended will be the template for primers that are complementary to the newly 
synthesized material (Douglas and Atchison, 1993). In the third cycle, the newly synthesized 
target region DNA resulting from the second cycle comprises only the amplicon and therefore 
becomes the specific template (Morrison and Gannon, 1994; Kainz, 2000). Cycling is repeated 
continuously, resulting in exponential amplification of the copied sequences (Kainz, 2000). At 
the end of the reaction, the amplification products are analysed using gel electrophoresis 
(Kainz, 2000). 
aDNA fingerprinting and sequencing of HVSI 
 
 The genetic profile of archaeological human remains selected for this study was 
determinate with a short amplicon autosomal short tandem repeat (miniSTR) heptaplex system, 
which was developed by Seidenberg et al. (2012), especially for highly degraded DNA since 
the length of the amplicons do not exceed 200bp, with the exception of some rare alleles in the 
FGA and D21S11 systems (Seidenberg et al., 2012). This primer set encompasses the 
Amelogenin fragment that contains the information to determine the biological sex of people 
and six CODIS STR loci D5S818, D13S317, D18S51, D21S11, FGA, and TH01 (Seidenberg 
et al., 2012).  
 The HVSI of mitochondrial DNA was used to infer the genetic history and the possible 
biological relationships of the populations selected for this study. Fehren-Schmitz et al. (2009) 
designed a set of four primer pairs for mitochondrial HVSI. These primers were designed also 
for highly degraded DNA since the length of PCR products do not exceed 180bp, in point of 
fact the ranged size of these fragments is between 157 – 180bp (Fehren-Schmitz et al., 2010). 
These primers were designed also for highly degraded DNA since the lengths of PCR products 
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do not exceed 180bp, in point of fact, the ranged size of these fragments is between 157 – 180bp 
(Fehren-Schmitz et al., 2010).   
 The pairs of primers mt_H_15995 and mt_L_16256 were used in a singleplex reaction to 
obtain a fragment of ~261bp (Fehren-Schmitz et al., 2010).  Later, It was prepared another 
single PCR reaction with the pairs of primers mt_H_16194 and mt_L_16429 to get a fragment 
of ~236bp (Fehren-Schmitz et al., 2010). Subsequently, the PCR products of heptaplex and 
mitochondrial HVSI were analysed in an agarose gel electrophoresis, and then in an ABI 3500 
Genetic Analyzer of Applied Biosystem company. 
Oceanian samples genetic profiles 
 
 Heptaplex STR amplification was carried out following the indications in Seidenberg et al. 
(2012). The total volume of the PCR reaction was 25 µL and its components were 12.5 µL 
Qiagen® Multiplex Plus Master Mix kit, 2.85 µL heptaplex primer set, 4.65 µL ultrapure water 
nucleases-free and 5 µL DNA extract. PCR amplification took place in an Eppendorf® 
Mastercycler gradient under the following conditions: initialization at 95°C per 5 min, 45 cycles 
of 1 minute at 94°C denaturation, 2.5 min at 59°C annealing/elongation and final elongation at 
60°C per 45 min, and a final soak for 10 min at 10°C step (Seidenberg et al., 2012). The number 
of cycles was the only thing that was changed from the original protocol of Seidenberg et al. 
(2012) since they suggest to use 40 cycles, however, the Oceania samples needed five cycles 
more to have a successful PCR amplification.  
 PCR success and product quantity were checked by gel electrophoresis. To prepare a 2.5% 
agarose gel (Seidenberg et al., 2012), 40mL of Tris-Borate-EDTA (TBE) buffer was added to 1 
gr of Roti®Agarose, Roth low melting point, the solution was heated until melting the agarose, 
after 1.5 µL of ethidium bromide. Afterwards, 8 µL of PCR product was mixed with 2 µL of 
loading dye. To check the amplicon size 4 µL of DNA ladder (New England Biolabs inc.) was 
used. The gel was run under the following conditions: 110 volts, 69 milliamperes per ~45 min. 
Finally, a photographic registration system was used to make evident and store the PCR 
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amplification results. Afterwards, the alleles were determined via capillary electrophoresis on 
ABI 3500 Genetic Analyzer (Applied Biosystems).  
 The chemistry reaction for determining the alleles in the genetic analyzer contained 12 µL 
of Hi-Di™ Formamide,Applied Biosystems™, 0.25 µL of GS ROX 500 and between 1 – 2 µL of 
PRC product. Denaturation cycle was performed in a Mastercycler gradient (Eppendorf®) at 95 
C per 5 min followed by a cooling step at 4°C per ~2 min. The instrument was set to run under 
the fragment analysis protocol 36 POP 7 D with run module fragment analysis 36 POP 7, dye set 
D and base calling FLA_ROX 500_PA protocol for heptaplex assay (Seidenberg et al., 2012). For 
alleles evaluation, the GeneMapper software (Applied Biosystems™) version 4.1 was used. 
Analysis of HVSI of mitochondrial DNA of Oceanian samples 
 
 To generate a DNA fragment of ~430bp was necessary to carry out two singleplex sets of 
amplification with two pairs of primers. Singleplex amplifications were performed in a total 
reaction volume of 25 µL containing 12.50 µL AmpliTaq Gold™ 360 Master Mix (Applied 
Biosystems™), 0.5 µL mt_H_15995 primer, 0.5µL mt_L_16256 primer, 6.50 µL ultrapure 
water nucleases-free and 5 µL DNA extract. In the second singleplex amplification used the 
same reagents and quantities that in the previous reaction, it was only changed the pair of the 
oligonucleotides, in this case, the pair of primers mt_H_16194 and mt_L_16429 were used. 
 PCR amplification took place in a Mastercycler gradient (Eppendorf®) under the 
following conditions: initialization at 95°C per 10 min, 45 cycles of 1 min at 95°C denaturation, 
1 minute at 55°C annealing/elongation and final elongation at 72°C per 1.5 min, and a final 
soak for 10 min at 10°C step. PCR success and product quantity were checked by gel 
electrophoresis. The agarose gel preparation, registration of results and run conditions were the 
same as those used in the previous section, here the amount of PCR product used was 5 µL 
instead of 8 µL used in the previous section. 
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 The amplicons generated in previous amplification processes were purified via 
ExoSAP-IT™ Express PCR Product Cleanup Reagent (Anffymetrix®). Cleaning up process 
consisted of mixing 5 µL of the post-PCR reaction with 2 µL of ExoSAP-IT™ Express reagent, 
then incubate at 37°C per 4 min to degrade excess of primers and nucleotides and an incubation 
step at 80°C per 1 minute to inactivate ExoSAP-IT™ Express reagent and final step of cooling 
at 4°C. The samples were stored at -20 until cycle sequencing reaction.  
 Cycle sequencing reactions were prepared using the forward primers (mt_H_15995 and 
mt_H_16194) and sometimes reverse primers (mt_L_16256 and mt_L_16429). The total 
volume of the PCR reaction was 20 µL and its components were 4 µL Bigdye buffer, 2 µL ABI 
Prism® BigDye®, 0.30 µL mt_H_15995 or mt_H_16194 primer, 11.70 µL ultrapure water 
nucleases-free and 1 – 2 µL PCR product purified or cleaned. This PCR amplification was 
carried out in a Mastercycler gradient (Eppendorf®) under the following conditions: 
initialization at 95°C per 10 min, 25 cycles of 10 seconds at 96°C denaturation, 5 seconds at 
50°C annealing/elongation and final elongation at 60°C per 4 min, and cooling step at 10°C per 
5 min. 
 Afterwards, clean-up of sequencing reaction was performed via NucleoSEQ kit (Macherey-
Nagel GmbH & Co. KG). The general procedure to clean up the sequencing reaction consisted of 
spinning down the column with dried gel resin at 2,700 rpm per 30 seconds. Later, the gel resin 
was hydrated with 600 µL of HPLC water, the vortex mixer was used to eliminate the bubbles, 
and then the gel resin was incubated at RT between 30 min – 2 h. The water excess was removed 
off the gel resin through centrifugation at 2,700 rpm per 2 min., after the column was transferred 
to a collect tube (2 mL Eppendorf® tube) labelled with sample ID. Finally, the sample (20 µL of 
sequencing reaction) was loaded placing it to the centre of gel resin, and it was centrifuged at 
2,700 rpm per 6 min. 
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 Subsequently, the full content of the collection tube (~20µL) was transferred to a 
sequencing plate, where after a short spin at 3,500 rpm per 30 seconds, the analysis of DNA 
fragments was carried out capillary electrophoresis on ABI 3500 Genetic Analyzer (Applied 
Biosystems). The instrument was set to run under the fragment analysis protocol RapidSEq 36 
POP 7 E with run module fragment analysis Seq POP 7, BDT v 1.1, and base calling BDT v1.1 
PA Protocol POP 7 for mtDNA assay (internal protocol of Historical Anthropology and Human 
Ecology Institute at the Georg-August University of Göttingen). For sequences evaluation 
MEGA X 10.1 (Kumar et al., 2018) and Chromaseq 1.5 (Maddison and Maddison, 2018) 
computer programs were used. 
Panama and South America genetic profiles 
 
 As in the previous sample batch here, the heptaplex STR primer set (Seidenberg et al., 
2012) was also used to try to obtain the genetic fingerprint from Central and South America 
samples. Nonetheless, the PCR reaction and amplification conditions were slightly changed. 
The total volume of the PCR reaction was 25 µL (without water) and its components were 
12.5µL Qiagen® Multiplex Plus Master Mix kit, 2.85µL heptaplex primer set, 9.65µL DNA 
extract. PCR amplification took place in a Mastercycler gradient (Eppendorf®) under the 
following conditions: initialization at 95°C per 5 min, 45 cycles of 1 minute at 94°C 
denaturation, 2.5 min at 59°C annealing/elongation and final elongation at 60°C per 45 min, 
and a final soak for 10 min at 10°C step (Seidenberg et al., 2012). PCR success and product 
quantity were checked by gel electrophoresis using the same protocol as in Oceania samples. 
The alleles determination was performed via capillary electrophoresis on ABI 3500 Genetic 
Analyzer (Applied Biosystems™) The procedure was exactly the same as that used to 
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Analysis of HVSI of mitochondrial DNA of Panamanian and South American 
samples 
 
 To generate a DNA fragment of ~430bp was necessary to carry out two singleplex sets of 
amplification with two pairs of primers. However, the singleplex reactions were modified, since 
Central, and South American samples needed a PCR reaction enhancer to have a successful 
amplification.  Prior to describing the details of the PCR reaction and amplification for these 
sample batches, it is necessary to explain the features and benefits of reagents selected to 
prepare the two PCR reaction enhancer solutions. Two Non-ionic detergents (Triton™ X-100, 
Sigma-Aldrich® and Tween® 20 molecular grade, Sigma-Aldrich®) and a derived protein 
from blood (serum) albumin of bovines (BSA), New England Biolabs inc., were the core 
components to prepare the PCR additives.  
 The main works of Triton™ X-100 and Tween® 20 in the PCR reactions are: Stabilise 
Taq polymerase, suppress the formation of secondary structures, and battle SDS contamination, 
which is a common carryover from the DNA extraction and can greatly inhibit Taq polymerase 
(Arnheim, 1990; Saunders et al., 1999), the final concentration of both detergents into the PCR 
reaction should be 5X. Whilst,  the BSA main functions in the PCR reactions are: Prevent the 
reaction components from sticking to the tube walls, combat the humic acids carryover from 
the DNA extraction and battle PCR inhibitors such as melanin or phenolic compounds (Majorek 
et al., 2012), the final concentration of BSA into the PCR reaction should be 1X. Triton™ X-
100 at 10%, Tween® 20 at 2% and BSA (New England Biolabs inc.) at 25mg/mL provoke the 
inhibition of PCR reaction by reducing Taq polymerase activity (Saunders et al., 1999).  
 PCR amplification was performed in a total volume of 25 µL containing 12.50 µL 
AmpliTaq Gold™ 360 Master Mix (Applied Biosystems™), 0.5 µL mt_H_15995 primer, 0.5 
µL mt_L_16256 primer, 2.33µL ultrapure water nucleases-free, 4.17µL additive 5X (final 
concentration 1X) and 5 µL DNA extract. In the second singleplex amplification used the same 
reagents and quantities that in the previous reaction, it was only changed the pair of the 
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oligonucleotides, in this case, the pair of primers mt_H_16194 and mt_L_16429 were used. It 
is important to consider that South American samples batch; the components of PCR additive 
were only the two non-ionic detergents, while the PCR enhancer for Central American samples 
has three components, the two non-ionic detergents plus BSA. 
 PCR amplification took place in a Mastercycler gradient (Eppendorf®) under the 
following conditions: initialization at 95°C per 10 min, 45 cycles of 1 min at 95°C denaturation, 
1 minute at 55°C annealing/elongation and final elongation at 72°C per 1.5 min, and a final 
soak for 10 min at 10°C step. PCR success and product quantity were checked by gel 
electrophoresis. The agarose gel preparation, registration of results and run conditions were the 
same as those used in the previous section (2.6.2 subsection Mitochondrial DNA_HVSI). The 
amplicons generated in previous amplification processes were purified via ExoSAP-IT™ 
Express PCR Product Cleanup Reagent (Anffymetrix®) following the same procedure used in 
the analysis of HVSI of mitochondrial DNA of Oceanian samples. Cycle sequencing reactions, 
clean-up of the sequencing reaction, analysis of DNA fragments and sequence evaluations for 
these sample batches were carried out following the same chemical processes and instrument 
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 The evaluation of the allele frequencies for six STRs loci (D13S317, D21S11, D18S51, 
TH01, D5S818 and FGA) was performed by contrasting the gene information obtained from 
archaeological human remains dating to the pre-European contact period (data obtained in this 
work), to samples of the derived populations after European contact from Oceania and America 
(data obtained from online databases) and samples of the ancestral populations (Africa, Asia 
and Europe) of America and Oceania.  
 The data set corresponding to Oceania contained individuals with self-declared ethnicity 
as New Zealanders from eastern Polynesia and New Zealanders from western Polynesia (Table 
2). While the data set corresponding to America contained individuals self-defined as Hispanics 
or Mestizos (Argentina and Chile) (table 2). The genetic information of these six STRs loci for 
nine modern human populations belonging to five geographic regions (Africa, Asia, Europe, 
Oceania and Hispanic America) was downloaded from ALLST*R Autosomal Database for 
Short Tandem Repeats (http://allstr.de). 
Table 2. Modern human populations used in this study and their respective sample size (N). 
Continent Zone / Country N Reference 
Africa General* 342 Hill et al., 2013 
Asia General* 97 Hill et al., 2013 
 
Oceania 
New Zealand_Western Polynesia 10998 Bright et al., 2010 
New Zealand_Eastern Polynesia 41504 Bright et al., 2010 
 
Europe 
Caucasians * 361 Hill et al., 2013 
Spain 658 Paredes et al., 2003 
 
America 
Hispanic America 236 Hill et al., 2013 
Argentina 562 Marino et al., 2006 
Chile 732 Vergara et al., 2012 
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Statistical tools  
 Genetic landscapes were evaluated through R version 4.0.3 software (R Core Team, 2020) 
via Ridgeline plots. These charts allow visualizing the changes in distributions over time or 
space of several numeric variables (Chang, 2018; Wilke, 2021). The partially overlapping lines 
create the impression of a mountain range landscape (Wickham, 2010; Chang, 2018; Wilke, 
2019; R Core Team, 2020). These graphics use a statistical technique called kernel smoother, 
estimating a real-valued function as the weighted average of neighbouring observed data 
(Wickham, 2010; Chang, 2018; Wilke, 2019; R Core Team, 2020). The weight is defined by 
the kernel, such that closer points are given higher weights (Wickham, 2010; Chang, 2018; 
Wilke, 2019). The estimated function is smooth, and the level of smoothness is set by a single 
parameter (Chang, 2018; Wilke, 2021). Thus, the genetic landscapes were visualized using the 
packages ggplot2 (Wickham, 2010) and ggridges (R Core Team, 2020). 
 The genetic structure in this work was evaluated with Arlequin 3.5.2.2 software, which is 
an integrated software for population genetics data analysis (Excoffier and Lischer, 2010). This 
software analyses the data both intra-population and inter-population level. In the first level, 
the statistical information is extracted independently of each population, whereas in the second 
level, samples are compared to each other (Excoffier and Lischer, 2010). Arlequin calculation 
settings were the following: Polymorphism control five per cent, it is mean whether a sample 
has more than five percent of missing data it will be excluded from the analysis.  
 Ten thousand permutations were used to execute both Analysis of Molecular Variance 
(AMOVA) and population comparisons (F-statistics). The estimative F-statistics including Fst 
(population sub-structure) the average genetic differentiation or subdivision (population-
specific) and genetic variation (intra-population), Fis (inbreeding coefficient), and Fit (total 
inbreeding coefficient) (Hedrick, 2011). Tests were executed under one million steps of Markov 
chain and one hundred thousand dememorization steps. Both comparison and differentiation of 
the populations were analysed at five percent of the significance level. 
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 Genetic affinities were evaluated via the informatics program Structure 2.3.4, which was 
used to infer the possible phylogenetic relationships among ancient samples from Oceania and 
samples from ten modern population belonging to five continental regions (Table 2). Structure 
analyses differences in the distribution of genetic variants (genotype data from unlinked 
markers) among populations with a systematic Bayesian clustering approach. This analysis also 
applying the Markov Chain Monte Carlo (MCMC) estimation to place samples into groups 
whose members share similar patterns of variation (Pritchard et al., 2000; Porras-Hurtado et 
al., 2013). 
 Occasionally, the starting configuration of the software generates some iterations that 
could lead spurious results owing to smaller sample sizes in each population (Pritchard et al., 
2000; Oldt and Kanthaswamy, 2020). To minimize this effect before collecting data, the burn-
in length was adjusted to ten thousand runs for each simulation. Whilst, to get accurate 
estimates, MCMC repetitions after burn-in were adjusted to one hundred thousand runs for 
each simulation. Considering the general history of the ancestry of the genetic groups analysed 
in this study, the model for the allele frequencies that best fitted to these data set was the 
correlated allele frequencies model, since assume that frequencies in the different populations 



















 The main application of the genetic material of the mitochondria in population studies is 
to evaluate the possible genetic interrelationships of historically linked human groups, as well 
as to infer the maternal evolutionary history of populations. Therefore, the interpretation of the 
mitochondrial DNA sequences requires a frame of reference, which is given by the definition 
of the haplogroups of the individuals under study and the phylogenetic analysis based on the 
comparison of the sequences of the D-loop_HVSI (control region) of mtDNA. 
Alignment of DNA sequences  
 
 Edition of the sequences was carried out via DNA Baser Sequence Assembler 5.15 
software (Heracle BioSoft, 2018). Whilst, the alignments were done through MEGA X software 
(Kumar et al., 2018), the ClustalW algorithm, which in turn uses progressive methods based on 
sequence weighting, position-specific gap penalties and weight matrix choice to improve the 
sensitivity of multiple sequences alignments (Thompson et al., 1994). The number of 
polymorphic sites and the number of substitution events (transition /transversion), in the set of 
ancient samples sequences from Oceania, South America and Panama, were evaluated through 
DnaSP 6 (Rozas et al., 2017) and MEGA X software. Both the polymorphic sites and the 
number of transition and transversion events are affected by entropy levels inside a set of 
aligned sequences (Hall, 2001). Additionally, these parameters provide insight into the process 
of molecular evolution since they reflect the genetic variation by position in the sequences 
analysed (Strandberg and Salter, 2004). 
 In information theory, entropy, also called information entropy or Shannon entropy, 
measures the uncertainty of an information source (Gray, 2011; Dehghanzadeh et al., 2020). 
The basic concept of entropy in information theory has a lot to do with the uncertainty that 
exists in any experiment or random signal (Torkashvand et al., 2021). It is also "noise" or 
"disorder" that a system contains or releases (Gray, 2011; Dehghanzadeh et al., 2020; Chanda 
et al., 2020; Torkashvand et al., 2021). The information is defined in bits, which represent the 
Materials and Methods  75 
 
amount of information that a signal carries to encode the message (Chanda et al., 2020; 
Torkashvand et al., 2021). R version 4.0.3 software was used to visualize the entropy in each 
set of sequences through ggseqlogo package (Wagih, 2017). 
Haplogroups definition 
 Definition of the haplogroups was performed via Haplogrep mtDNA haplogroup 
classification tool (Kloss‐Brandstätter et al., 2011; Weissensteiner et al., 2016). To avoid biases 
in the definition of the haplogroups of the individuals analysed, those sequences with 
ambiguities were discarded. After the assignment of the haplogroups, the sequences whose 
haplogroups lacked coherence, with respect to the general set of analysed individuals, were 
discarded from further analyses.  
Genetic diversity 
 
 Genetic diversity was quantified through the evaluation of diversity indexes, such as 
segregating sites (the number of variable positions or polymorphisms in a sample of DNA 
sequences), average number of nucleotide differences and haplotype diversity. The probability 
that two random sequences are different is known as nucleotide diversity, this can be expressed 
on a per site (π) or on per sequence basis (κ) (Rozas, 2009; Hedrick, 2011; Fusté, 2012; Fuchs 
Castillo, 2019). Whilst, haplotype diversity (H) is the probability that two random sequences 
are different, this is also known as gene/allele diversity or expected heterozygosity (Rozas, 
2009; Hedrick, 2011; Fusté, 2012; Fuchs Castillo, 2019). Both the statistics based on site by 
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The proportion of nucleotide sites that differ in the populations is estimated by 
 
! = #$ 
 















Where m is the total number of nucleotide positions; κ is the mean number of nucleotide 
differences; n is the number of sequences; dij is the number of nucleotide differences between 
sequences i and j; hi is the heterogeneity at site i; χij is the relative frequency of nucleotide 
variant j at site 1 (Rozas, 2009). 
Haplotype diversity or expected heterogeneity/heterozygosity in a set of sequences is defined 
as 
 






where n is the number of sequences; h is the number of haplotypes and Pi is the relative 




 The aim of the neutrality test is to distinguish between a DNA evolving randomly 
(neutrally) and one evolving under a non-random process, including directional or balancing 
selection, demographic expansion, or contraction (Templeton, 2006). A randomly evolving 
DNA sequences contain mutations with no effect on the fitness and survival of an organism 
(Hamilton, 2009; Hedrick, 2011; Fuchs Castillo, 2019). In the populations, these mutations 
fluctuate randomly through genetic drift. Tajima's D (Tajima 1989) and Fu's Fs (Fu 1997) are 
standard neutrality tests, their function is to identify sequences which do not fit the neutral 
theory equilibrium between mutation and genetic drift (Hamilton, 2009; Hedrick, 2011; Fuchs 
Castillo, 2019). Tajima’s D uses mutation frequency information and is based on an infinite 
(1) 
Nucleotide diversity 




Heterogeneity/heterozygosity in at site i 
(5) 
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sites model without recombination (Tajima 1989). Therefore, this statistic is more appropriate 
for short DNA sequences (Melton, 2008). Fu’s Fs is also based on the infinite-site model 
without recombination but utilizes information from the haplotypes distribution. Fs is a more 
sensitive indicator of population expansion than Tajimas D (Melton, 2008). MEGA X, DnaSP 
6 software were used to carry out the neutrality tests via Tajima'D and Fu's Fs parameters.   
 Tajima's D is calculated as the difference between estimators of nucleotide diversity (θπ) 
and the polymorphic site (θS). Thus, the mathematical details of this test, according to Tajima, 
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4:&8 + :'8(8 − 1) = 4>9?(<* − <+) 
3 = <* − <+
4>9?(<* − <+)
 
3 ≈ 0 suggests drift-mutation equilibrium. 
3 > 0 Suggests recent population bottleneck or some form of balancing selection. 
3 < 0 Suggests population expansion or purifying selection. 
 
Fu's Fs Mathematical definition (Fu, 1997). 
D+ = E& F
8G
1 − 8GH 
8G is the probability of having fewer alleles in a sample. 
 





D+ is positive suggests recent population bottleneck. 
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Mismatch distribution and population growth 
 Distribution of pairwise differences (mismatch distribution) can summarize the genetic 
diversity of a population (Jobling et al., 2013). However, the most important approach of this 
parameter is the inference of the demographic history of the population through changes in the 
effective population size such as expansion, contraction, or bottlenecks (Templeton, 2006; 
Hedrick, 2011; Jobling et al., 2013). Nonetheless, the DNA sequences must comply with the 
assumptions of neutrality, which it involves being in mutation/genetic drift equilibrium (Jobling 
et al., 2013). Raggedness index of Harpening is used to determine if the populations are 
consistent with the sudden population expansion model, which is based on the infinite allele 
model proposed by Kimura in 1971 (Rozas et al., 2017). The demographic history and 
expansion times of ancient samples from Oceania, South America and Panama were inferred 
through the pairwise differences and population size changes via DnaSP 6 software. 
Inference of phylogenetic relationships 
 
 Hypervariable region I from mitochondria DNA was used to infer the possible 
phylogenetic relationships between the archaeological human remains from Oceania, South 
America and Panama. Additionally, the genetic clustering trends of seven modern populations 
belonging to two continental regions (Table 10) were evaluated, in order to determine whether 
the individuals from modern populations exhibited patterns of genetic clustering similar to the 
ancient samples of populations aforementioned. Before performing the construction of the 
phylogenetic trees, Iqtree 1.6.12-MacOSX program (Nguyen et al., 2015) was used to 
determine the most suitable evolutive model for the data set under study. Once selected the 
substitution model along the branches of the tree, a phylogenetic reconstruction was carried out 
via Maximum Likelihood algorithm (one thousand replications). Bayesian inference of 
phylogeny was carried out using one million of Markov chain Monte Carlo (MCMC) 
generations, this analysis was performed through MrBayes 3.2 software (Altekar et al., 2004) 
and Beast2 computer package (Bouckaert et al., 2019). Finally, Network 10.2.0.0 software 
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(Forster and Forster, 2020) and PopART (Population Analysis with Reticulate Trees) software 
(Leigh and Bryant, 2015) were used to construct and visualize evolutionary relationships via 
phylogenetic networks (Whitfield, 2011) through median-joining network algorithm and infer 
the coalescence time of mitochondrial lineages. The phylogenetic networks differ from 
phylogenetic trees by the explicit modelling of richly linked networks, by means of the addition 









3.1 PCR amplification 
 
 Samples from Oceania were the most successful regarding nuclear and mitochondrial 
DNA amplification with a success rate closer to one hundred percent for both genomes. Sadly, 
nuclear DNA amplification of Panamanian samples failed, inasmuch as they got only almost 
two percent of success (Fig. 6). Whilst, South American samples got moderated results for 
nuclear DNA amplification, they got just over thirty percent of success (Fig. 6); unfortunately, 
the number of individuals from the South America sample batch with successful PCRs was not 
enough to include them in the population genetic analyses, however, the genetic information 





Figure 6. Success rate of nuclear DNA PCR amplification. Values on the ordinate axis show 
percentages of success or failure. A. Success rate by population. The abscissa axis shows 
individuals with success in PCR, starting from the total number of samples for each population. 





 Fortunately, mitochondrial DNA amplification was very successful, since both 
Panamanian and South American samples reached success rates closer to one hundred percent, 
such as Oceania samples (Fig. 7). In general terms, the rate of success of nuclear DNA 
amplification could be considered between moderate to low, because only thirty-five percent 
of samples had successful PCRs. On the other hand, the general rate of success of mitochondrial 
DNA could be considered highly successful, since almost one hundred percent of the samples 







Figure 7 Success rate of mitochondrial DNA(HVSI) PCR amplification. Values on the 
ordinate axis show percentages of success or failure. A. Success rate by population. The 
abscissa axis shows individuals with success in PCR, starting from the total number of 
samples for each population. B. General success rate, considering the total number of samples 





Biological sex was determined via the Amelogenin gene and then contrasted with 
morphological sex estimates. The aim of this comparison was to evaluate the congruence rate 
between anthropological and molecular biology methods to determine the biological sex of 
archaeological human remains. Oceania samples got a perfect congruence (100%) between 
biological and morphological sex (Fig. 8). Nonetheless, South American samples got a low 
match (20%) between biological and morphological sex. The samples from Panama were not 
in this analysis because of they did not get enough positive results for nuclear DNA after their 
PCR amplification. Generally, the correspondence rate between biological and morphological 







Figure 8. Congruence rate between biological and morphological sex. Values on the 
ordinate axis show percentages of success or failure. A. Success rate by population. The 
abscissa axis shows individuals with a perfect congruence between biological and 
morphological sex, starting from the numbers of successful PCRs amplification. B. General 




3.2 Nuclear DNA 
Behaviour of the allele frequencies and genetic landscapes 
 
 Patterns of allele frequency distributions of six STRs loci (D13S317, D21S11, D18S51, 
TH01, D5S818 and FGA) were evaluated on ancient samples from Oceania (baseline contrast 
population), and on nine modern populations (Table 1). These analyses showed that most of the 
modern populations had private alleles (Table3), and even some of them shared uncommon 
alleles at different loci (Table 4). Furthermore, when evaluating the pattern of allele frequency 
density distributions in modern individuals from Spain (Paredes et al., 2003), Argentina 
(Marino et al., 2006), New Zealand_Western Polynesia (Bright et al., 2010), New 
Zealand_Eastern Polynesia (Bright et al., 2010), and modern populations of Hispanics from the 
US (Hill et al., 2013) and modern European /Caucasian individuals from the US (Hill et al., 
2013), it was observed that the behaviours of the allele frequency distribution for the six STR 
loci between modern Caucasians and Spaniards were very similar to each other, the same 
happened between modern Argentineans, Chileans, and Hispanics from US, and between 
modern New Zealanders from Western Polynesia and New Zealanders from Eastern Polynesia. 
Therefore, to avoid population redundancy, about the pattern of allele frequency density 
distributions, when contrasting the genetic landscapes between individuals from modern 
populations and ancient individuals from Oceania, five modern populations were selected 
(Africans, Asians, New Zealanders from Western Polynesia, Caucasians from the US and 
Argentineans) to perform these comparative populations (Fig. 9 - 11). 
 Ancient Oceanians did not exhibit rare or shared alleles with other modern populations 
which they were compared to. The allele frequency density distributions of these individuals 
also did not resemble any of the five modern populations shown in figures 9 to 11. This is likely 
resulting from the temporal distance between the modern populations and the ancient samples 




dynamics of the ancient Oceanians, which could be influenced by migratory events and 
ancestral miscegenation, as well as by the cultural and social aspects of the temporal space 
where to these individuals belonged. These factors could have affected the segregation patterns 
of some genetic markers in these individuals, which probably produced the distribution pattern 
of allelic densities that are observed in figure 9A. 
According to genealogical arguments, alleles are related through a common ancestor 
(Hedrick, 2014; Cutter, 2019). Thus, the coalescent with symmetric stepwise mutation model 
is able to explain the formation of private alleles in a given population (Szpiech and Rosenberg, 
2011; Hahn, 2018; Hartl, 2020). This model assumes that if a microsatellite allele has a point 
mutation that causes it to change in state by disrupting stretches of repeats, this mutation only 
can occur by only one step at a time either to add or remove repeat units, independent of the 
size of the allele (Saetre and Ravinet, 2019; Hartl, 2020; Talarico et al., 2021). In human 
populations, the number of derived alleles decrease with increasing distance from Africa, 
providing support for migration models out of Africa (Botigué et al., 2013; Talarico et al., 2021). 
This pattern is evidenced in figure 9B and Table 3, since of the ten populations analysed, six 
showed private alleles. Modern Africans exhibited twelve private alleles distributed in three 
STR loci, showing a greater allelic diversity compared to the rest of the modern populations 
analysed. The private alleles of the modern population of Africa (Fig. 9B), Asia (Fig. 9C), New 
Zealand _Western Polynesia  (Fig 10B), Argentina (Fig. 11B) and modern Caucasians from the 
US (Fig. 11C), tend to be found in the tails rather than in the interior of allele size distribution, 
this allele behaviour usually is in the function of the genetic structure of the population; thus, 
the more the populations differ from each other, the probability of private allele occurrence in 





       Table 3. Private allele by population 
Population Locus  Allele Frequency 
  29.3 0.002 
  37 0.002 
 D21S11 38 0.002 
  39 0.002 
    
  13.2 0.004 
Modern Africans D18S51 15.2 0.002 
  21.2 0.002 
    
  16.2 0.002 
  17.2 0.002 
 FGA 25.2 0.002 
  30.2 0.002 
  31.2 0.002 
 D21S11 28.2 0.005 
Modern Asians  30.3 0.010 
 D18S51 28 0.005 
 FGA 43.2 0.005 
 D18S51 26 0.002 
Modern New Zealanders  D5S818 17 0.002 
from Western Polynesia FGA 20.2 0.002 
 D13S317 7 0.002 
 D21S11 36.2 0.002 
Modern Argentineans TH01 4 0.002 
 D5S818 16 0.002 
Modern Spaniards D5S818 12.1 0.002 
 FGA 26.2 0.004 
Modern European 
Caucasians 
D18S51 16.2 0.002 
Modern Hispanics D21S11 26.2 0.002 






 The allele frequency density distribution in the ancient Oceanic (Fig. 9A) presented a 
bimodal topology in the loci TH01, FGA, D5S818 and D13S317, which generated a double-
ridge morphology, while D18S51 locus exhibited a subtle pattern double-ridge owing to quasi 
bimodality; however, D21S11 locus exhibited a unimodal topology with a single ridge 
morphology. The modern African genetic landscape (Fig. 9B) exhibited unimodal topological 
patterns with single-ridge morphology at the FGA, D5S818 and D13S317 loci. The D18S51 
and D21S11 loci exhibited a multimodal pattern giving rise to a ridge line, while the TH01 
locus exhibited a double-ridge morphology resulting from a bimodal topological pattern. 
Modern Asians (Fig. 9C) have an opposite pattern of allele frequency density distribution to 
ancient Oceanians, since the TH01 and D13S317 loci are the only ones that present a bimodal 
density distribution in their genetic landscape, although the D21S11 locus exhibited a subtle 
double-ridge pattern because of a quasi-bimodality, while the FGA, D5S818 and D18S51 loci 
presented a single-ridge morphology owing to its unimodal topology.  
 The genetic landscape of modern New Zealanders from Western Polynesia (Fig. 10B) 
exhibits a diverse topology and morphology in terms of allele frequency density distributions. 
The TH01 locus presents a density pattern of three modes, two to the left of the density 
distribution and one to the right, generating a plateau-like morphology on the left side resulting 
from the proximity of the two ridges, while on the right side shows a single ridge. The FGA 
locus has the highest density points distributed in three modes, being the highest one found in 
the centre of the allele distribution. The topology and morphology of the D5S818 locus 
corresponds to a trimodal pattern where the allele frequencies density distribution found on the 




morphology with a subtle lift to the left side. The highest densities of the D21S11 locus are 
found towards the centre of the distribution, generating two subtle ridges, being the one on the 
left side slightly more prominent than the right side. Both the topology and the morphology of 
the D18S51 locus genetic landscape obey to bimodal density patterns, which generate two well-
defined ridges towards the centre of the allele frequency distribution. Finally, the D13S317 
locus presents a trimodal density topology, where the allele density distribution on the left side 
exhibits a subtle ridge, while the allele frequency density distributions on the right side are 
higher and generate a plateau-like morphology with a slight lift towards the right end, which 
represent the highest allele density point in this genetic marker. 
 TH01 and D13S317 loci of modern Caucasians (Fig. 10C) exhibit a shape and 
distribution similar to those observed in modern New Zealanders from Western Polynesia, 
although to the left side of the allele frequency density distribution of these loci the morphology 
and topology varied adopting a specular or chiral behaviour about that observed in modern New 
Zealanders from eastern Polynesia. D5S818 locus exhibit a bimodal topology where to the 
highest values of the allele frequencies density are located towards the centre of the distribution 
and also these values are quite close to each other, generating a subtle double ridge morphology. 
FGA locus in modern Caucasians exhibits a jagged ridge morphology resulting from a 
multimodal topology with the highest density of allele frequencies towards the centre of the 
distribution, the same is observed at the D21S11 locus; where to the point of higher density is 
slightly higher than in the anterior locus. Finally, D18S51 locus presents a multimodal topology 
with allele frequency density distribution values very close to each other, generating a 
morphology similar to a jagged plateau. 
 The modern Argentinians (Fig. 11B) genetic landscape shows that locus TH01 exhibits a 
double-ridge morphology, where to the left side ridge exhibit a wide bandwidth, regarding the 
right-side ridge, resulting from an allele frequency density topology multimodal where the 




shows a faint multimodal topology resulting from the value closeness of the allele frequency 
multimodal distributions, generating a subtle double ridge morphology. D5S818 locus exhibit 
a single ridge pattern because of the highest allele frequency density values are located towards 
distribution centre. The locus D21S11 also shows a single ridge pattern with wider bandwidth 
regards to locus D5S818. The genetic landscape of D18S51 locus exhibits a trimodal topology 
with a triple ridge morphology. D13S317 locus shows a double-ridge morphology with wide 
bandwidth for both, nonetheless, although the ridges are not very pronounced, they are well-
defined, because of the highest density points are grouped in two set, one of them are located 
towards decreasing number of repeats, while the another one is located towards increasing 
number of repeats. 
 Populations evaluated previously showed that morphology and topology of their genetic 
landscapes do not keep similarities to each other, since each one in their respective temporal 
space has their own genetic history and population dynamics which have sculpted their genetic 
landscapes. Some modern populations, such as those of America have at least three genetic 
components in the genome of their inhabitants; this biological inheritance was acquired around 
500 years ago during the European period of colonization and exploration through 
miscegenation. Genetic (ethnic) admixture and replacement that occurred in some countries 
half a millennium ago, altered the allelic frequencies of the populations, generating the genetic 
landscapes that were observed in the New Zealanders (Fig. 10B) from Western Polynesia and 
Argentineans (Fig. 11B). Modern Asian, African and European populations have also 
undergone changes in their allele frequencies as well as certain admixture processes, which 
have shaped the genetic landscapes earlier observed. In summary, both the morphology and 
topology of genetic landscapes undergo changes over time owed to interbreeding processes, 
migration events, genetic drift and mating patterns. 
 
 




 Figure 9. Genetic landscapes based on allele frequency density and distribution. The colour geometric forms onto the graphics describe the allele frequencies 
behaviour for each STR marker. Whilst, the genetic landscapes were described through the changes in the density distribution of alleles between ancient 











Figure 10. Genetic landscapes based on allele frequency density and distribution. The colour geometric forms onto the graphics describe the allele frequencies 
behaviour for each STR marker. Whilst, the genetic landscapes were described through the changes in the density distribution of alleles between ancient 
Oceanians, modern New Zealanders from Western Polynesia (similar to New Zealanders from Eastern Polynesia), and modern Caucasians. 
 
 






Figure 11. Genetic landscapes based on allele frequency density and distribution. The colour geometric forms onto the graphics describe the allele frequencies 
behaviour for each STR marker. Whilst, the genetic landscapes were described through the changes in the density distribution of alleles between ancient 
Oceanians, modern Argentineans (similar to modern Chileans and US Hispanics), and modern Caucasians (similar to modern Spaniards). 
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 Shared uncommon or rare alleles are good gene flow indicators among different 
panmictic populations (Hedrick, 2014; Cutter, 2019; Hartl, 2020), besides the allele frequency, 
it is possible to infer the origin population of a given allele, based on source-sink model (Hahn, 
2018; Saetre and Ravinet, 2019; Talarico et al., 2021). Shared alleles could be identical by 
descendant (IBD) or identical by state (IBS). IBD alleles are the same DNA inherited molecule 
several times through generations, this kind of alleles has high inbreeding rate, since they tend 
to inherit through consanguineous cross-breeding (Hedrick, 2014; Cutter, 2019; Hartl, 2020). 
Whilst, IBS alleles are different DNA molecules come from two different groups or populations, 
but they have the same genetic structure. IBS alleles are also IBD because of have been 
inherited from a common ancestor (Hedrick, 2014; Cutter, 2019; Hartl, 2020). The difference 
between IBS and IBD lie in that, IBD alleles come from a direct consanguineous cross-breeding 
between two individuals genetically related, while IBS alleles share a common ancestor dating 
back several generations (Hahn, 2018; Saetre and Ravinet, 2019; Talarico et al., 2021). 
 Four of the six genetic markers analysed had shared alleles (Table 4).  The alleles 25 and 
35.2 from D21S11 locus were shared by modern Argentineans and Spaniards. The frequencies 
of 25 and 35.2 alleles were two times higher in modern Spaniards than in modern Argentineans; 
thus, it can be assumed that de origin of these alleles in the modern Argentinean population is 
Spaniard. D18S51 locus exhibited two shared alleles (9 and 14.2). The 9-repeat allele is shared 
between modern Argentineans and Africans, and the allele in the Argentinean population has a 
clear African origin since its allele frequency is 3 times higher in Africans than Argentineans. 
The allele 14.2 was shared by modern Hispanics from the US and Caucasians from the US, 
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here the origin of this allele is unclear since the higher frequency is exhibited by modern 
Hispanics from the US, suggesting that the source population of 14.2 allele might be an 
Amerindian population and the presence of this allele in Caucasians from US could have given 
by genetic admixture. 
 Allele 5 from TH01 genetic marker was shared by modern Argentineans, Caucasians 
from the US, Africans, and New Zealanders from Eastern Polynesia, the source of this allele is 
evidently African since the allele 5 frequency is two times higher in modern Africans than 
Argentineans, and four times lower in modern Caucasian from the US and Zealanders from 
Eastern Polynesia regarding Africans. Finally, FGA locus had the 17 allele shared between 
modern Argentineans, Hispanic from the US, Spaniards and Asians. The origin population for 
17 allele is evidently Asian, since its allele frequency five times higher in Asians than modern 
Hispanics from the US and six times lower in modern Argentineans and Spaniards regarding 
Asians. 
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Table 4. Shared uncommon alleles by locus 
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Genetic structure and diversity 
 
 Heterozygosity is the first step to quantifying the genetic diversity of the populations. 
The relative frequency of observed heterozygotes (Ho) can be affected by endogamy and 
population structure (Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; Lohmueller 
and Nielsen, 2021). For this reason, it is important to determine the relative frequency of 
heterozygotes expected (He) under Hardy-Weinberg equilibrium (Fuchs Castillo, 2019; Hartl, 
2020; Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). Thus, the expected 
heterozygosity is the statistic commonly used to report the genetic diversity of the populations 
(Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). 
Thereby, the expected heterozygosity can be used to infer how often different alleles will be 
added in a population to form heterozygous (Nei, 1973; Harris and DeGiorgio, 2017; Fuchs 
Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). 
 At the global level, populations displayed heterozygosity values among seventy-nine and 
eighty percent (Table 5). These results suggest that the populations show high diversity and that 
at genetic systems each locus has elevated probabilities to increase heterozygous in the 
populations. On the other hand, the population sub-structure coefficient (Fst), global level, 
exhibited a low value (0.018), indicating that there is no distinguishable genetic structure within 
populations. The inbreeding level of individuals within the population groups was low since 
the Inbreeding coefficient, Fis= 0.005. Nevertheless, the total inbreeding coefficient indicates 
that within-population groups there is a panmixia (random mating) level between low and 
moderated, Fit = 0.023.  
 Analysis of molecular variance (AMOVA) showed that the vast majority of genetic 
variation is found within individuals (almost 98%), and not between them. Nonetheless, there 
is a small genetic differentiation between population groups (1.02%). However, when 
contrasting the Fst of each population (Fig. 12), it is possible to notice that there are subtle 
differences between the population groups, providing some insight into the degree to which 
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populations were historically connected (Holsinger and Weir, 2009). When comparing ancient 
samples from Oceania with individuals from modern populations, it could see that between 
ancient Oceanians and modern Africans, there was more genetic variation than with modern 
individuals from Eastern Polynesia, Spain, Argentina, Chile. These genetic variations and 
similarities between ancient and modern populations might be attributed to the genetic 
admixture that took place about 500 years ago between the old (Europe) and new world 
(America and Pacific region). European colonization and exploration period in America and 
Oceania brought with it a progressive erase of ancient genetic structures and gene pool replaced 
of indigenous populations, this population replacement was mediated by miscegenation 
processes either voluntary or forced. 
 Modern individuals from Western Polynesia, Asia y European Caucasians exhibited a 
moderated genetic differentiation regarding ancient individuals from Oceania, which might be 
explained with the aforementioned. Basically, when comparing the ancient Oceanians with 
modern populations what is observed is the population dynamics between two different 
temporalities, whose apparent divergences and convergences regarding their Fst values could 
be biased due to the different population dynamics that they have been through the modern 
population in the last 500 years. 
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    Table 5. Expected and observed heterozygosity. 
Population Ho He  
Ancient Oceanians 1.000 0.808 
Modern Argentineans 0.820 0.819 
Modern 













Modern Spaniards 0.812 0.807 
Modern  
Africans 0.802 0.794 
Modern  







































35366895.921 83.130 0.470 
Within 
individuals 
35207512.500 17446.736 97.750 
 
 


























Figure 12. Genetic differentiation. Fst values show the degree of genetic 
differentiation between populations. NZ_EP: New Zealanders from Eastern 
Polynesia, NZ_EP: New Zealanders from Western Polynesia, EC: European 
Caucasians from USA. 
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3.3 Mitochondrial DNA 
Genetic variation of archaeological human remains at the sequences level 
  
 The evaluation of the HVSI_mtDNA sequence alignments of ancient samples revealed 
that skeletal remains from Oceania exhibited around one hundred substitution events, whose 
transition (TS): transversion (TV) ratio (based on Maximum Likelihood Estimate of 
Substitution Matrix (MLESM)) (Table 7 - 9) was around 5.6:1. While South American and 
Panamanian samples batches also had one hundred events with TS: TV ratios= 7.6:1 for South 
America and 7.9:1 for Panama. On the other hand, the levels of entropy are a way of visualizing 
or predict the distribution of genetic variability by position (Strandberg and Salter, 2004), since 
the entropy is conceived as a measure of disorder or the peculiarity of certain combinations into 
a set of sequences. DNA can maximally carry two bits of information, and protein sequences 
about 4.3 bits, since, DNA consists of four bases A, T, G, and C, so there are four possibilities; 
so, the maximum amount of information log2(4) ≈ 2 bits (Dehghanzadeh et al., 2020). In 
proteins, there are 20 different amino acids; so, the maximum amount of information one amino 
acid can carry is log2(20) ≈ 4.3 bits (Dehghanzadeh et al., 2020). Thus, the number of 
segregating or polymorphic sites of the populations aforementioned can be visualized through 
their entropy levels via sequence logo (Fig. 13 -15). The positions in an aligned sequence set 
with the lowest amount of bits are those that provide the most information about the level of 
polymorphism in a population (Torkashvand et al., 2021) 
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Table 7. Oceania TS and TV events 
 
 

















 A T C G 
A - 1.58 2.63 10.65 
T 2.41 - 29.81 0.97 
C 2.41 17.89 - 0.97 
G 26.45 1.58 2.63 - 
 A T C G 
A - 1.14 1.93 7.09 
T 1.77 - 40.16 0.7 
C 1.77 23.72 - 0.7 
G 17.93 1.14 1.93 - 
 A T C G 
A - 1.39 2.19 8,02 
T 2.1 - 35.65 0.81 
C 2.1 22.6 - 0.81 
G 20.76 1.39 2.19 - 
Tables 7 - 9. Maximum Likelihood Estimate of Substitution Matrix. These matrices show the 
probability of substitution from one base to another. Transition events (TS) are shown in bold 
and those of transversions events (TV) are shown with normal typography.  
 
 







Figure13. Sequence logo of ancient Oceanians. This chart shows the entropy levels and hence the informativeness about all polymorphic sites found
in this batch of aligned sequences. Position with less than 2 bits provides more information about the polymorphism for instance if it is frequent or 
uncommon such as positions 16129, 16172 or 16182. 
 
 









Figure 14. Sequence logo of ancient South Americans. This chart shows the entropy levels and hence the informativeness about all polymorphic sites 
found in this batch of aligned sequences. Position with less than 2 bits provides more information about the polymorphism for instance if it is frequent 
or uncommon such as positions 16129, 16176 or 16183. 
 
 








Figure 15. Sequence logo of ancient Panamanians. This chart shows the entropy levels and hence the informativeness about all polymorphic sites found 
in this batch of aligned sequences. Position with less than 2 bits provides more information about the polymorphism for instance if it is frequent or 
uncommon such as positions 16072, 16111or 16293. 
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Genetic diversity  
 
 Genetic variation of the ancient samples set from Oceania, South America and Panama 
were estimated through the number of segregating or polymorphic sites, nucleotide and 
haplotype diversity. The θ parameter is a diversity estimator, which can be interpreted as the 
probability of mutation between the sites of a set of aligned sequences (Fuchs Castillo, 2019; 
Hartl, 2020). The genetic diversity among the different sequence sets was estimated, 
considering the average number of nucleotide differences per site among DNA sequences. 
Thus, ancient samples from Oceania, South America and Panama exhibited a low proportion 
of segregating sites (8.22%, 6.10% and 6.36%). The nucleotide diversity fluctuated between 
0.024 and 0.018, while haplotype diversity oscillated between 0.132 and 0.032 (Table 10), 
indicating a low genetic diversity, and suggesting that the evaluated mitochondrial region in the 
populations previously mentioned, exhibit vestiges of the founder effect and/or genetic 
bottlenecks by which their respective ancestral populations went through during the initial 
settlement of these regions. 
Table 10. Genetic diversity of HVS-I mtDNA of archaeological human remains from Oceania, 













Oceania 31 8.22 0.026 ± 0.016 0.024 ± 0.013 0.132 ± 0.039 
South America 23 6.10 0.018 ± 0.010 0.029 ± 0.016 0.106 ± 0.034 
Panama 24 6.36 0.021 ± 0.011 0.018 ± 0.011 0.032 ± 0.019 
S= number of polymorphic (segregating) sites; θs = probability of segregating sites; θπ = 
nucleotide diversity; θh = haplotype diversity; ± = standard deviation.; Confidence Interval (CI) 
= 95%; significance level (a) = 5%. 
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 Ten mtDNA lineages were detected in ancient Oceanian samples (Fig. 16).  70.59% of 
identified mitochondrial lineages belonged to Oceanian mtDNA haplogroups. Whilst, 17.65% 
of these mitochondrial lineages belonged to Asian Haplogroups.  The remaining 11.76% were 
mtDNA variants, whose polymorphisms did not correspond to Oceanian or Asian lineages or 
the sequences showed many ambiguities; thus, these individuals were excluded from the 
analyses since they could generate distortions in the results.  
East and Southeast Asian haplogroups 
 The haplogroup B4c1a1 had a frequency of 2.94% in ancient Oceanians. The coalescence 
age of this lineage is at 8,300 years (95% CI 5,100 – 11,450 years), usually this mitochondrial 
variant is found in Japan (Tokyo and Aichi) (Mikami et al., 2013; Yao et al., 2021; Jinam et al., 
2021). Haplogroup E1a2 exhibited a frequency of 5.88% in ancient Oceanians. This mtDNA 
variant appears to have arisen in Island Southeast Asia 9,400 years ago (95% CI 6,550 – 12,250 
years ago) (Issiki et al., 2018). Haplogroup E1a2 has been linked to the Austronesian expansion 
model from Taiwan to Oceania via the Philippines (Issiki et al., 2018). Usually, this lineage is 
found in Taiwan, Malay Archipelago, and Papua New Guinea (Issiki et al., 2018; Duggan and 
Stoneking, 2021). The 2.94% of ancient Oceanias were affiliated to haplogroup D4h1. This 
mitochondrial variant is present in China (Chunxiang et al., 2020). Haplogroup D arose in East 
Asia 47,500 years ago (95% CI 35,000 – 60,000 years ago), in the Upper Pleistocene, before 
the Last Glacial Maximum and the settlement of the Americas (Chunxiang et al., 2020; 
Thompson, 2019; Duggan and Stoneking, 2021; Hoffecker et al., 2021). 
 Haplogroup M7b1a1i exhibited a frequency of 2.94% in ancient Oceanians. This lineage 
is found in Taiwan, Philippines, Malaysia, and also in Borneo, Indonesia (Jiao, 2021). The 
mitochondrial variant M65a was also found in 2.94% of ancient Oceanians. Haplogroup M65a 
is found in India, Pakistan, Gorno-Badakhshan, Tajikistan, Ladakh, Myanmar, and China (Peng 
et al., 2018). Haplogroup M arose about 60,000 years ago (95% CI 55,000 – 65,000 years ago) 
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in South Asia, Southwest Asia, Southeast Asia or East Africa (O’Connell et al., 2018; Vai et al., 
2019; Jiao, 2021). This lineage is associated with modern human expansions out of Africa, 
since, all non-African mtDNA haplogroups are descendants of either haplogroup M or N 
(O’Connell et al., 2018; Vai et al., 2019). 
Oceanian haplogroups 
 The 38.24% of ancient Oceanias were affiliated to haplogroup Q1. This mitochondrial 
variant is present in Australia belonged to individuals with Torres Strait Islander ancestries, 
which are known for their close links with New Guinea, and are associated with the Q1 lineage 
expansion during the postglacial warming period at 10,000 – 18,000 years ago (Nagle et al., 
2017; Pedro et al., 2020; Choin et al., 2021). However, the 8.82% of individuals showed the 
haplogroup Q2, while Q2a3b had a frequency of 2.94% in this set of samples. This Q2 lineage 
is found mainly in the Bismarck Archipelago, Melanesia, it is linked with the demographic 
expansions following the initial settlement of New Britain around 35,000 years ago, and its 
diversification (restricted to Near Oceania) began in the post-Last Glacial Maximum period 
and continued into the Holocene; although a few Q2 lineages have been observed in Remote 
Oceania with coalescence ages in the Upper Holocene (Pedro et al., 2020). 
 B4a1a1 lineage had a frequency of 17.65% in ancient Oceanians. This haplogroup is 
associated with coalescence age around 7,000 years ago (95% CI 6,600 – 7,500 years ago), it 
is commonly observed in Vanuatu, Papua New Guinea and Tokelau atoll populations (Gosling 
et al., 2021), it is considered as the immediate precursor of Polynesian motif (B4a1a1a1), and 
is associated with Austronesian expansion (Soares et al., 2011; Fehren-Schmitz et al., 2017; 
Davis, 2021; Duggan and Stoneking, 2021). The 2.94% ancient Oceanians were affiliated to 
haplogroup B4a1a1a11b. This mitochondrial variant is found in the Solomon Islands (Bellona) 
and Cook Islands (Davis, 2021).  
  
Results  107 
 
Pan-American haplogroups 
 Seven mtDNA lineages were detected between ancient South American and Panamanian 
samples (Fig. 17 – 18). Haplogroup A2 represent 58.97% of the mtDNAs in ancient samples 
from Panama, while 8.33% of ancient South Americans exhibited a A2 lineage. Mitochondrial 
variant A2 is the most common in Amerind ethnic groups of North and Central America, it is 
also found in South American Amerind groups but in low frequencies (Moreno-Mayar et al., 
2018; Posth et al., 2018; Llamas et al., 2020; Suarez and Ardelean, 2019; Hoffecker et al., 2021). 
The coalescence age of this lineage is at 10,600 years (95% CI 9,600 – 11,700 years) (Barrantes, 
1993; Meltzer, 2009; Suarez and Ardelean, 2019; Delgado et al., 2021). Haplogroup A might 
be descended from a population that has emerged from a bottleneck approximately 20,000 years 
ago, in East Asia (Moreno-Mayar et al., 2018; Posth et al., 2018; Llamas et al., 2020; Hoffecker 
et al., 2021). 20.83% of South American samples exhibited the B2 lineage, while 10.26% of 
ancient Panamanian showed this mitochondrial variant. Coalescence time of haplogroup B2 is 
about 16,500 years (95% CI 13,800 – 19,200 years) (Tamm et al., 2007; Achilli et al., 2008; 
Hoffecker et al., 2021). The B2 lineage, like A2 mtDNA variant, is a Pan-American lineage, 
B2 mitochondrial variant is widespread in North, Central and South America, and it has a high 
frequency in the South American Andean region and Aridoamerica region (the Southwestern 
United States and Northern Mexico) (Morales-Arce et al., 2017; Barbieri et al., 2019; García 
et al., 2021). 
 Haplogroup B2a had a frequency of 2.56% in ancient Panamanian samples, however, this 
lineage in this sample set lacked its distinctive polymorphism (16483 A) (Kemp et al., 2010; 
Perego et al., 2012; Morales-Arce et al., 2017). When assigning haplogroups to Panamanian 
samples in HaploGrep version 2; B2a showed a not reliable assignment probability; thus, this 
individual was excluded from analyses. The B2a lineage has not been found in Mesoamerican 
or Central American groups (Kemp et al., 2010; Perego et al., 2012; Morales-Arce et al., 2017). 
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This haplogroup might have originated around 12,100 years ago in North America, and today 
it is present at high frequency in Southern Athapaskan groups (Apache: 14.8%; Navajo: 15.1%) 
(Achilli et al., 2013; Morales-Arce et al., 2017). A total 12.50% of the ancient South Americans 
were affiliated to haplogroup B2i1. The coalescence time of the B2i lineage is around 19,300 
years (95% CI 12,200 – 26,600 years) (de Saint Pierre et al., 2012; Gómez-Carballa et al., 2018). 
This mitochondrial variant is found in the Kayapo tribe in the Brazilian Amazonian (de Saint 
Pierre et al., 2012; Gómez-Carballa et al., 2018; Suarez and Ardelean, 2019). 
 Haplogroup C1 represent 25.00% of the mtDNAs in ancient samples from South America. 
C1 lineage is commonly found in native populations from South America (Brazil, Bolivia, 
Chile, and Paraguay) (Simão et al., 2019), and tend to be absent in the Isthmo-Colombian area 
(Morales-Arce et al., 2017; Hoffecker et al., 2021). The Coalescence age of C1 mitochondrial 
variant is around 17,000 years (95% CI 12,700 – 22,300 years) (Perego et al., 2009; Simão et 
al., 2019). Two individuals from ancient Panamanian samples were affiliated to C1 lineage, 
nonetheless, this haplogroup showed a critical assignment probability, when assigning 
haplogroups to Panamanian samples in Haplogrep HaploGrep version 2. Besides, the fragment 
from HVR-II that confirms this haplogroup with a deletion in 290–291 (Kemp et al., 2010; 
Perego et al., 2012; Morales-Arce et al., 2017) was amplified in this work; therefore, the 
authenticity of this result cannot be confirmed, thus, these individuals were excluded from 
analyses. 
 Haplogroup D1a1 represent 8.33% of the mtDNAs in ancient samples from South 
American samples. This lineage is frequently found in Surui and Gavião tribe from Brazil (de 
Saint Pierre et al., 2012; Simão et al., 2019). The coalescence time of haplogroup D1 is about 
16,300 years (95% CI 13,900 – 18,700 years) (Perego et al., 2009; Gómez-Carballa et al., 2018; 
Simão et al., 2019). The D4h3 lineage had a frequency of 8.33% in ancient South Americans. 
This haplogroup is found in native populations from Peru, Chile, Argentina, and North America 
Results  109 
 
(Mexico and USA), its coalescence age is around 14,300 years (95% CI 11,400 – 17,200 years) 
(Perego et al., 2009; de Saint Pierre et al., 2012; Simão et al., 2019). D4h3a lineage is detected 
at low frequencies in modern and ancient population samples of both North and South America, 
with an overall higher frequency and peaks along the Pacific coast and the western side of the 
Andes, supporting the hypothesis that the Pacific coast was the major entry and diffusion route 
of this haplogroup for the early Paleo-Indians (Perego et al., 2009; de Saint Pierre et al., 2012; 
Gómez-Carballa et al., 2018; Simão et al., 2019; Suarez and Ardelean, 2019; Hoffecker et al., 
2021). Finally, 16.667% of ancient South American samples (Fig. 17) and 30.77% of ancient 
Panamanian samples (Fig. 18) were mtDNA variants, whose polymorphisms did not 
correspond to the Pan-American or the Isthmo-Colombian area haplogroups or the sequences 
showed many ambiguities; thus, these individuals were excluded from the analyses since they 
could generate distortions in the results. 
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Figure 16. Ancient Oceanians haplogroups. Colours in this chart represent geographic 
areas or Amerindian groups where these mitochondrial variants are most commonly 
found. Reddish colour indicates the samples with haplogroups that do not belong to 
Oceania and therefore were excluded from the analyses. 
 









Figure 17. Ancient South Americans haplogroups. Colours in this chart represent geographic 
areas or Amerindian groups where these mitochondrial variants are most commonly found. 
Reddish colour indicates the samples with haplogroups that do not belong to South America and 
therefore were excluded from the analyses. 
 










Figure 18. Ancient Panamanians haplogroups. Colours in this chart represent geographic areas 
or Amerindian groups where these mitochondrial variants are most commonly found. Reddish 
colour indicates the samples with haplogroups that do not belong to Central America or Isthmo-
Columbian area and therefore were excluded from the analyses. 
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Additionally, an AMOVA was carried out to evaluate the genetic variation among population 
groups (Table 11). This analysis revealed that most of the genetic variation is found Within 
populations (76.40%) and not among them. The variation among groups is 21.69%, while the 
variation among populations within groups is only 1.91%. The population genetic 
differentiation resulting from the genetic structure was evaluated by calculation of fixation 
index (Fst). This statistic measures the deficit of genetic variation that occurs in the populations 
owing to the loss of diversity because of genetic drift (Fuchs Castillo, 2019; Hartl, 2020). The 
global Fst = 0.571 indicates that at the mitochondrial level there is a high grade of genetic 
differentiation between ancient populations of Oceania, South America and Panama. When 
contrasting pairs of populations, it was evident that Oceania exhibited a high grade of genetic 
differentiation regarding South America (Fst = 0.359) and Panama (Fst = 0.476), while South 
America and Panama showing a moderate genetic differentiation (Fst = 0.235). This genetic 
variation distribution could be related to founder effect, since the founder populations bring 
only a subset of the genetic variation from their ancestral population. As the founders become 
more geographically separated, the probability that two individuals from different founder 
populations will mate becomes smaller (Cutter, 2019; Hartl, 2020). The assortative mating 
reduces the gene flow between geographical groups and to increase the genetic distance 
between groups (Cutter, 2019; Hartl, 2020). Thus, the genetic drift increased fluctuations in 
neutral polymorphisms in founder populations, thereby new polymorphisms that arose in one 
group were less likely to be transmitted to other groups because of gene flow was restricted. In 
other words, the greatest genetic variability is found within the source population; however, 
when the main population subdivided into small (founder) populations with a part of the genetic 
diversity of the original population, the genetic variation among groups is less compared with 
total genetic variation of source population. However, the genetic differentiation increases 
among population depending on their ancestries, geographic and genetic distance. 
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Table 11.  AMOVA results: ancient population samples from Oceania, South America and 

























345.49 4.61 76.40 
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Measures of neutrality 
 
 In order to determine if HVSI_mtDNA sequences were statistically significant under the 
neutral equilibrium model, two neutrality tests were performed: Tajima’s D and Fu’s Fs. The 
neutral evolution model is based on the standard Wright-Fisher evolutionary model and makes 
the following five assumptions: 1) a constant population size of N individuals; 2) random 
mating; 3) no overlapping generation; 4) no recombination; and 5) infinite sites, constant rate 
neutral mutation process whereby an offspring differs from its parent allele by a Poisson- 
distributed number of mutations with mean μ (Simonsen et al., 1995). When the neutrality 
assumptions are broken, Tajima's D is considered significant when the probability value is less 
than 0.05, while Fu's Fs is significant if its p-value is less than 0.02, this is due to the critical 
point of statistical significance, which is below the second percentile of its empirical 
distribution (Fu, 1997, Excoffier and Lischer, 2010). 
 If there have been no changes in population size and the population is in drift-mutation 
equilibrium the Tajima's D and Fu's Fs statistics should be D ≈ 0 and Fs ≈ 0, and the estimative 
θ for Tajima's D should be equivalents: θπ ≃ θs (Fuchs Castillo, 2019). On the other hand, if 
θπ < θs then D will be negative (D < 0) suggesting a recent population expansion, while if θπ > 
θs then D will be positive (D > 0) suggesting a recent population bottleneck (Tajima, 1989; 
Hedrick, 2011; Fuchs Castillo, 2019). Fu's Fs is a more sensitive indicator of population 
expansion than Tajimas D, therefore if Fs < 0 then there is evidence of a recent population 
expansion, in contrast, if Fs > 0 then there is evidence of a recent population bottleneck (Fu, 
1997; Hedrick, 2011; Fuchs Castillo, 2019). 
 The results of the neutrality tests performed on the population sample sets from Oceania, 
South America and Panama suggest that HVSI_mtDNA of these human groups is under the 
neutral evolution model (Table 12). Regarding population size changes, Tajima's D and Fu's Fs 
suggests that the populations of Oceania, South America and Panama went through a 
population expansion. Nonetheless, Fs estimative should be complemented with the 
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Harpending raggedness index and mismatch distribution of the sequences, since these 
parameters give more robustness to the inferences about population size changes and 
demographic history of the populations. Thus, if the populations are expanding, the population 
size grows. This implies that the mutations that appear have little probability of being lost 
(because N is high, the drift has little force); however, they occur in low frequency. For this 
reason, a gene in a population with population expansion will also have negatives D and Fs; 
this will happen even if the gene is neutral (Fuchs Castillo, 2019; Cutter, 2019; Hartl, 2020). 
 
Table 12. Measures of neutrality. Tajima's D and Fu's Fs 
Sample set D p-value Fs p-value 
Oceania -0.605 0.403 -3.325  0.622 
South America -0.511 0.345 -3.824 0.667 
Panama -0.590 0.330 -2.941 0.504 
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Mismatch distribution and population growth 
 
 Population size changes in the ancient samples set from Oceania, South America and 
Panama were inferred through assessing genetic differences between pairs of individuals in 
each sample set. The mismatch distribution summarizes the information about patterns of 
nucleotide site differences between pairs of subjects through the construction of histograms or 
scatter plots, these graphics display the relative frequencies of pairs that differ by zero sites, by 
one site, by two sites etc (Rogers and Harpending, 1992). Usually, the mismatch distribution is 
ragged and erratic (multimodal) in samples drawn from populations at demographic 
equilibrium but is expected to be smooth and with a single peak (unimodal) in populations that 
have undergone a recent demographic expansion (Rogers and Harpending, 1992; Dadi et al., 
2012; Grant, 2015). Thus, the signature of ancient population expansion is apparent even in the 
low- resolution mtDNA (Rogers and Harpending, 1992). 
 To distinguish between population expansion and bottleneck in the mismatch distribution 
graphics, it should be considered that the bottlenecks generate a wave with an extremely steep 
leading face (Rogers and Harpending, 1992). Besides, the bottleneck model generates elevated 
upper tail probabilities and the pairs of individuals differ by more than twenty-five sites, with 
probability 32% (frequency 0.32) (Rogers and Harpending, 1992). Whilst, the model of sudden 
expansion makes this probability only 2% (frequency 0.02) (Rogers and Harpending, 1992). 
Consequently, bottlenecks should often generate ragged empirical distribution with many peaks 
at large values, while sudden expansion should generate many peaks but at small values (Rogers 
and Harpending, 1992). 
 Harpending raggedness index (r) is a statistic parameter, which quantifying the 
smoothness of the mismatch distribution and allows distinguishing between expanded and 
stationary populations with good confidence (Harpending, 1994). Raggedness values above the 
critical cutoff point of 0.03 (r > 0.03) are characteristic of demographically stationary 
populations (Harpending, 1994). Whilst Raggedness values below the critical cutoff point of 
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0.03 (r < 0.03) are characteristic of populations went through a demographic expansion 
(Harpending, 1994). The unit of mutational time in the past tau (τ) is used to infer the expansion 
or coalescence time (Harpending, 1994; Hedrick, 2011). Thus, the conventional unit of time is 
τ=2μt, where t is time in generations and μ is the mutation rate (Harpending, 1994). The 
expansion times were estimated through the mitochondrial mutation rate 1.91×10–8 (95% CI 
1.72 – 2.10×10–8) mutations/site /year (Cabrera, 2021), and a generational time of 26 years 
(Macaulay et al., 2019). The mutation rate was calculated considering the time dependency 
effect on the evolution rate with increasing acceleration in recent times, and the transient 
polymorphisms, which slow down the evolutionary rate (Cabrera, 2021). To correct the 
uncertainties in the calculation of evolutionary rates, the most divergent lineages within the 
haplogroups were used (Cabrera, 2021). 
 Tajima’s D, and Fu's Fs statistic of archaeological human remains from Oceania, South 
America and Panama suggest that these populations went through a demographic expansion. 
This was ratified by the Harpending raggedness index, for which the populations 
aforementioned exhibited values less than 0.03, the pairwise differences of the analysed 
individuals were less than twenty-five sites and the peaks generated in their pairwise mismatch 
distributions exhibited values less than 0.32 (Fig. 19-21). Regarding the estimates of expansion 
times, these suggest that ancient Oceanians went through a demographic expansion about 
37,972 years ago (95% CI 34,537 – 42,167 years ago), reflecting the initial settlement of 
Melanesia during the Upper Pleistocene, and hence the population divergence between 
Oceanian and Southeast Asian peoples, which took place 36,000 years ago (Pugach et al., 2013; 
Jinam et al., 2017; Posth et al., 2018; Bird et al., 2019; Bradshaw et al., 2019; Bradshaw et al., 
2021).  
 Ancient South American peoples went through a demographic expansion about 14,150 
years ago (95% CI 15, 713 – 12,870 years ago), reflecting the expansion of the first 
anatomically modern humans through America 15,000 years ago (Potter et al., 2018; Suarez 
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and Ardelean, 2019; Marshall et al., 2021; Puzachenko et al., 2021). This date could also reflect 
the Native American groups divergence 14,700 - 17,000 years ago (Nielsen et al., 2017). 
Ancient Panamanian peoples went through a demographic expansion 9,468 years ago (95% CI 
8,611 – 10,513 years ago), reflecting the expansion of hunter-gatherers from North America to 
Central and South America during the postglacial period in the Holocene 10,000 – 11,700 years 
ago (Cooke et al., 2013; Posth et al., 2018; Antczak, 2019; Suarez and Ardelean, 2019; Gruhn, 
2020; Ranere and Cooke, 2021). The time of expansion of the ancient Panamanians also 
encompasses the temporal range of the Proto-Chibcha group divergence 7,000 – 10,000 years 
ago (Barrantes, 1993; Ruiz-Narváez et al., 2005; Núñez-Castillo, 2012; Suarez and Ardelean, 












t = 5.579 
r = 0.0067 
Figure 19. Ancient Oceanians mismatch distribution. The maximum frequency exhibited in 
these pairwise differences is 0.12, indicating population expansion, which in turn is supported 
by a raggedness index lower than 0.03. There are 5.579 mutational units, suggesting that the 
population expansion occurred about 1,460 generations ago (95% CI 1,328 – 1,622 generations 
ago), or what is the same 37,972 years ago (95% CI 34,537 – 42,167 years ago). 
 














Figure 20. Ancient South American mismatch distribution. The maximum frequency exhibited 
in these pairwise differences is ~ 0.18, indicating population expansion, which in turn is 
supported by a raggedness index lower than 0.03. There are 2.079 mutational units, suggesting 
that the population expansion occurred about 544 generations ago (95% CI 495 – 604 generations 
ago), or what is the same 14,150 years ago (95% CI 15, 713 – 12,870 years ago). 
 
t = 2.079 





















Figure 21. Ancient Panamanians mismatch distribution. The maximum frequency exhibited in 
these pairwise differences is 0.16, indicating population expansion, which in turn is supported by 
a raggedness index lower than 0.03. There are 1.391 mutational units, suggesting that the 
population expansion occurred about 364 generations ago (95% CI 331 – 404 generations ago), 
or what is the same 9,468 years ago (95% CI 8,611 – 10,513 years ago). 
t = 1.391 
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Median-Joining Networks 
Haplotype networks are used in the analysis of population genetic data to visualize 
analysing and visualizing the relationships among DNA sequences within a population or 
species, as well as to make inferences about biogeography and the history of populations 
(Huson, 2010; Whitfield, 2011; Fagny and Austerlitz, 2021; Garcia et al., 2021). Coalescence 
time for the defined haplogroups in ancient Oceanians, South Americans and Panamanians was 
estimated via rho (ρ); according to the standard parameters of the Network 10.2.0.0 software 
(Forster and Forster, 2020). The rho statistic is commonly used to infer chronological dates for 
molecular lineages, especially from mitochondrial DNA sequences obtained in anthropological 
contexts (Macaulay et al., 2019). Thus, when divided rho by a given mutation rate (μ), the ρ 
(rho) statistic provides a simple estimator of the age of a clade within a phylogenetic network 
by averaging the number of mutations from each sample in the clade to its root (Macaulay et 
al., 2019; Cabrera, 2020; Sun et al., 2021) 
Ancient Oceanians 
 Coalescence age estimate for haplogroup Q1 was at ~ 17,200 years (95% CI 14,523 – 
19,877 years). This lineage is found most frequently on the islands of Sunda and Wallacea, and 
it is associated with Australian individuals with Torres Strait Islanders ancestry, which are 
known for their close ties to New Guinea (Pedro et al., 2020). Haplogroup Q2 has a coalescence 
age estimate at ~ 30,270 years (95% CI 26,870 – 33,670 years). This lineage is linked to 
demographic expansions following the initial settlement of New Britain around 35,000 years 
ago and it is found in Near Oceania, particularly the Bismarck Archipelago (Pedro et al., 2020). 
Diversification of this haplogroup began in the post-Last Glacial Maximum period and 
continue into the Holocene, but was largely restricted to Near Oceania, however a few lineages 
have been observed in Remote Oceania with coalescence ages in the late Holocene (Pedro et 
al., 2020; Choin et al., 2021). Haplogroup Q2a3b has a coalescence age estimate at ~ 17,700 
years (95% CI 9,357 – 26,043 years), this lineage is found in the Solomon Islands (Duggan et 
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al., 2014; Duggan and Stoneking, 2021). 50% of archaeological human remains from ancient 
Oceania were affiliated to Q lineage (Q1, Q2, and Q2a3b) (Fig. 22), which is found in high 
frequencies in the Region of Melanesia (Pedro et al., 2020), supporting the Melanesian origin 
of these individuals, according to the geographical assignment of the samples given by the 
Ethnohistorical Institute of the University of Hamburg, where these individuals were assigned 
to the Bismarck archipelago area, northeast of the island of New Guinea (Melanesia, Near 
Oceania). 
 The coalescence age estimate for haplogroup E1a2 was at ~ 10,000 years (95% CI 7,500 
– 12,500 years). This lineage is linked to the Austronesian expansion from Taiwan to Oceania 
via the Philippines around 6,000 – 10,000 years ago (Matisoo-Smith, 2015; Issiki et al., 2018), 
which took place during the postglacial period in Holocene (~ 10,000 – 18,000 years ago) 
(Matisoo-Smith, 2015; Issiki et al., 2018; Pedro et al., 2020). Haplogroup D4h1 has a 
coalescence age estimate at ~ 17,200 years (95% CI 12,900 – 21,500 years). This mitochondrial 
variant is present in East Asia (Chunxiang et al., 2020). The M7b1a1i lineage has a coalescence 
age estimate at ~ 16,700 years (95% CI 13,000 – 20,400 years). This lineage is found in Taiwan, 
Philippines, Malaysia, and also in Borneo, Indonesia (Jiao, 2021). The coalescence age estimate 
for haplogroup M65a was at ~ 18,000 years (95% CI 11,300 – 24,700 years). M65a lineage is 
found in Central South and Southeast Asia (Peng et al., 2018). B4c1a1 has a coalescence age 
estimate at ~ 9,600 years (95% CI 4,000 – 15,100 years), usually, this mitochondrial variant is 
found in Japan (Tokyo and Aichi) (Mikami et al., 2013; Yao et al., 2021; Jinam et al., 2021). 
17.65% of archaeological human remains from ancient Oceania were affiliated to Southeast 
Asia lineages (B4c1a1, E1a2, D4h1, M7b1a1i and M65a) (Fig, 22), suggesting a possible 
ancestral link to Holocene expansion from South Asia to Near Oceania, and Remote Oceania 
(Austronesian expansion). 
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Haplogroup B4a1a1 has a coalescence age estimate at ~ 4,500 years (95% CI 1,400 – 
7,600 years). This lineage is found in Near and Remote Oceania (Soares et al., 2011; Fehren-
Schmitz et al., 2017; Davis, 2021; Duggan and Stoneking, 2021; Gosling et al., 2021). The 
coalescence age estimate for haplogroup B4a1a1a11b was at ~ 3,500 years (95% CI 1,025 – 
5,975 years), is also found both in Near and Remote Oceania (Davis, 2021; Gosling et al., 2021). 
20.59% of ancient Oceanians were affiliated to Near and Remote Oceanian haplogroups 
(Fig.22), suggesting a possible ancestral link to the last colonization event, the settlement of 
Polynesia around 3,000 years ago, during the Holocene (10,000 – 11,700 years ago). 
Ancient South Americans and Panamanians 
 Coalescence age estimate for haplogroup A2 was at ~ 9,300 years (95% CI 8,300 – 10,200 
years). Mitochondrial variant A2 is the most common in Amerind ethnic groups of North and 
Central America, it is also found in South American Amerind groups but in low frequencies 
(Moreno-Mayar et al., 2018; Posth et al., 2018; Llamas et al., 2020; Suarez and Ardelean, 2019; 
Hoffecker et al., 2021). The haplogroup B2 has a coalescence age estimate at ~ 15,000 years 
(95% CI 12,300 – 17,700 years). Haplogroup B2i1 has a coalescence age estimate at ~ 18,500 
years (95% CI 13,300 – 23,700 years), and it is found in a Brazilian Amazonian tribe (Kayapo) 
(de Saint Pierre et al., 2012; Gómez-Carballa et al., 2018; Suarez and Ardelean, 2019). The 
coalescence age estimate for the C1 mitochondrial variant was at ~ 17,300 years (95% CI 
13,000 – 21,600 years). 9.52% of archaeological human remains from South America were 
affiliated to haplogroup C1 (Fig. 23). This lineage is commonly found in native populations 
from South America (Brazil, Bolivia, Chile, and Paraguay) (Simão et al., 2019).  
 The haplogroup D1a1 has a coalescence age estimate at ~ 4,500 years (95% CI 1,150 – 
7,850 years) (Fig. 23), and it is found in Surui and Gavião tribe from Brazil (de Saint Pierre et 
al., 2012; Simão et al., 2019). Haplogroup D4h3a has a coalescence age estimate at ~ 13,500 
years (95% CI 10,900 – 16,100 years), and it is found in native populations from Peru, Chile, 
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Argentina, and North America (Mexico and USA) (Perego et al., 2009; de Saint Pierre et al., 
2012; Simão et al., 2019). Thus, B2, B2i1, C1, and D4h3a lineages might be linked to the 
divergence of Native American groups 14,700 - 17,000 years ago (Nielsen et al., 2017; Llamas 
et al., 2020), and to the expansion of the first anatomically modern humans through America 
15,000 years ago (Potter et al., 2018; Suarez and Ardelean, 2019; Marshall et al., 2021; 
Puzachenko et al., 2021). Whilst, A2 and D1a1 lineages might be linked to hunter-gatherers 
dispersion that took place during the Early Archaic age of America in the Paleoindian period 
about 8,900 – 11,500 years ago (Cooke et al., 2013; Posth et al., 2018; Antczak, 2019; Suarez 
and Ardelean, 2019; Gruhn, 2020; Ranere and Cooke, 2021). 
 
 









Figure 22. Ancient Oceanians phylogenetic network. The most common mtDNA variants among the archaeological human remains from 
Oceania were the Near Oceania haplogroups (50%), followed by Near and Remote Oceania (20.59%), and Southeast Asia (17.65%) 
haplogroups. 11.76% were mtDNA variants, whose polymorphisms did not correspond to Oceanian or Asian lineages or the sequences showed 
many ambiguities; thus, these individuals were excluded from the analyses since they could generate distortions in the phylogenetic network. 
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Figure 23. Ancient South American and Panamanian phylogenetic network. The most common 
mtDNA variants among the archaeological human remains in this set of samples were the Pan-
American lineages A2 (39.68%), followed by haplogroups B2 (14.29%), B2i1 (4.76%), C1 
(9.52%), D1a1 (3.17%), and D4h3a (3.17%). 25.40% were mtDNA variants, whose 
polymorphisms did not correspond to Pan-American lineages or the sequences showed many 
ambiguities; thus, these individuals were excluded from the analyses since they could generate 
distortions in the phylogenetic network. 
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 According to the Bayesian Information Criterion, the evolutionary model TPM2u+F+G4 
(Kimura's two-parameter model with unequal base frequencies (Kimura, 1980; Nguyen et al., 
2015) + Empirical state frequency observed from the data + four Gamma categories (Yang, 
1994; Nguyen et al., 2015)) was the best fit model to infer the possible phylogenetic 
relationships between ancient and modern samples from Oceania, South America and Panama. 
On the other hand, to give polarity (direction) to the phylogeny, the HVSI_mtDNA of the Homo 
sapiens neanderthalensis (Mezmaiskaya 1) (Briggs et al., 2009) and Homo sapiens ssp. 
Denisova (Denisova 2) (Krause et al., 2010) were used as outgroups. 
 Anatomically modern Homo sapiens and Homo neanderthalensis diverged 
approximately 465,700 years ago (321,200 – 618,000 years ago, 95% HPD (highest posterior 
density), calibration method= strict clock) and 487,500 years ago (95% HPD= 219,700 – 
778,800 years ago; calibration method= relaxed clock) (Krause et al., 2010). Whilst the 
divergence between Denisova hominin, Neanderthals and modern humans occurred about 
1,040,900 years ago (95% HPD= 779,300 – 1,313,500 years ago; calibration method= strict 
clock) and 1,129,100 years ago (95% HPD= 585,100 – 1,763,800 years ago; calibration 
method= relaxed clock) (Krause et al., 2010). 
 The ancient samples from Oceania, South America and Panama exhibited a clear pattern 
of clustering. Phylogenetic inferences showing both Oceanian and American individuals are 
clustered in two different branches (Fig. 24). The American branch, showing that individuals 
from Peru and Brazil exhibited more genetic affinities with Panamanian samples than with 
Venezuela and Chile. This is not surprising since Panama is located in the lower part of the 
Central American isthmus, and historically this place has been considered as a biological bridge 
between the northern and southern parts of the continent. The Oceanian branch, showing that 
the individuals from Near Oceania (Bismark Archipelago and Papua New Guinea) had greater 
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genetic affinity between them. Similarly, the clusters of Remote Oceania (New Zealand and 
Samoa) showing greater affinity between them. However, the cluster of the individuals who 
did not have a defined subregion (Oceania_xx and Melanesia_xx) seem to have a certain 
genetic affinity with the individuals from Remote Oceania. Probably, at some point in the 
demographic history of these populations, they may have had biological contact, which could 
have generated the genetic affinities between these human groups.  
 
 


























Figure 24. Clustering trends of HVSI_mt DNA. Ancient individuals from Oceania, South America and Panama. The phylogeny was estimated with a 
Bayesian approach under the TPM2u+F+G4 model. 





4.1 Recovery of ancient DNA from tropical samples and pre-
European burial rites 
 
 Usually, genetic analyses performed on bioarchaeological samples tend to be a bit more 
complicated than those carried out on contemporary samples. Due to post-mortem hydrolytic 
and oxidative processes, DNA preserved in archaeological specimen highly fragmented and 
only found in low quantity (Seidenberg et al., 2012; Llamas et al., 2017; Rohland et al., 2018; 
Feuerborn et al., 2020; Ferrari et al., 2021). These characteristics of aDNA are even more 
abundant in samples coming from tropical region, since the environmental conditions in these 
places promote the quick degradation of biological material hindering, even more, the 
recovery of the useful genetic material for genetic studies. However, STR typing can be 
carried out successfully on highly fragmented DNA because of the short length of the 
tandemly repeated structure (Hummel, 2003; Masuyama et al., 2017; Božič et al., 2021). On 
the other hand, the "easiest" genetic material to recover from bioarchaeological samples is the 
mtDNA, since it degrades twice as slow as nuclear DNA (Allentoft et al., 2012; Grass et al., 
2015; Rohland et al., 2018; Chierto et al., 2021) and it has a high number of copies per cell 
(Pakendorf and Stoneking, 2005; Eduardoff et al., 2017; Gojobori, 2021), what allows 
recovering a greater number of mtDNA molecules for genetic analysis.   
 The success of PCR amplification for nuclear DNA and mitochondrial DNA from 
ancient samples from Oceania could be related not only to suitable extraction and 
amplification protocols, but also the preservation state of the biological material resulting 
from former burial rituals carried out by the human groups that inhabited the great Pacific 
region during the Holocene. During this period, the corpses were buried in graves not very 
deep, once the soft parts of the body decomposed, and only the bone material remains, the 
skulls were unearthed and hung in the houses to be taken care and venerated as a protection 




2020; Adams et al., 2021; Enari and Lemusuifeauaali’i, 2021). Sometimes, the corpses were 
placed into sealed wooden structures, which were hung up in the house of their sons or in the 
public canoe-house (Codrington, 189; Strauss, 2016; Wasef et al., 2020; Adams et al., 2021). 
After some years, the corpses were removed from wooden structures, then the skulls and 
jawbones were separated from their bodies, and finally, the rest of the skeletons were buried 
in a common cemetery or in the family burying-place, depending on of the social status 
(Codrington, 1891; Strauss, 2016; Wasef et al., 2020; Adams et al., 2021). 
 Therefore, considering that the environmental conditions of Oceania are not the best to 
preserve the genetic material of bioarchaeological samples since this region has a humid 
tropical climate that promotes the fast degradation of organic material. The funerary practices 
performed by ancient peoples of Oceania might have helped to preserve part of the genetic 
material of these samples since the postmortem rituals aforementioned could have avoided 
that humic acids affected the preservation of the genetic material in the skulls and jawbones. 
When these bone remains were separated from the rest of the body and placed inside the 
houses as a sacred element of protection and veneration of the ancestors, possibly the DNA 
degradation process elapsed slower favouring recovery of this genetic material. 
 Regarding South America and Panama individuals, the recovery of feasible genetic 
material for DNA analysis was quite complicated because of samples conditions. This 
situation led to the modification of the standard protocol used in the host laboratory for 
extracting and amplifying ancient DNA. However, the PCR amplification of nuclear DNA of 
these samples was not as successful as Oceania samples. Notwithstanding, the PCR 
amplification of mtDNA was as successful as Oceania samples. Probably, the differential 
success of PCR amplification of nuclear DNA between ancient samples from Oceania and 
America lies in the way the ancient societies from South America and Panama handled the 




 It is an undeniable fact that environmental conditions affect the state of DNA 
preservation (Grass et al., 2015; Bálint et al., 2018; Matange et al., 2021). However, 
apparently, the way the corpses were handled during the burial rites in ancient societies also 
plays a relevant role regarding the state of genetic material preservation, as earlier discussed 
with Oceania samples. The ancient societies of South America mummified the bodies of their 
deceased relatives (Eeckhout and Owens, 2015; Gill-Frerking, 2017; Lombardi and Arriaza, 
2020; Montt et al., 2021). This process could be natural or artificial, in both cases, the corpses 
were wrapped with mats of plants fibres or animal skins (Camelid) (Arriaza et al.,1994; 
Trancho, 2012; Eeckhout and Owens, 2015; Gill-Frerking, 2017; Lombardi and Arriaza, 
2020; Montt et al., 2021).  
 Natural mummification occurred when the corpses were buried in arid places (high 
salinity and dryness conditions), such as the Atacama, Paracas deserts or their surroundings or 
when the bodies were buried in places with low temperatures, such as the Andean Mountain 
range (Llullaillaco, Aconcagua, Ampato, or Chuscha) (Arriaza et al.,1994; Trancho, 2012; 
Eeckhout and Owens, 2015; Gill-Frerking, 2017; Lombardi and Arriaza, 2020; Montt et al., 
2021). While the artificial mummification involved an intentional alteration of the corpses, 
which usually included the removal of organs and filling the body cavities with organic and 
inorganic substances to preserve the body (Arriaza et al.,1994; Trancho, 2012; Eeckhout and 
Owens, 2015; Gill-Frerking, 2017; Lombardi and Arriaza, 2020; Montt et al., 2021). 
Undoubtedly, the mummification processes helped preserve the bone material and part of the 
skin of the bioarchaeological samples. Nonetheless, this process wreaked havoc on the 
genetic material of these individuals, since the effects of natural organic decomposition and 
the environmental conditions degraded the DNA of these individuals greatly, which made it 
difficult for the recovery of feasible DNA to perform genetic analyses with nuclear STR 




 The burial practices of some Panamanian ancient societies (Gran Cocle) involved the 
preparation of deep graves with straight walls that penetrated the bed rock or funerary holes 
lined with stones and the construction of funerary urns with clay (Cooke et al.,1998; Martín-
Seijo et al., 2021; Ranere and Cooke, 2021). Usually, the corpses were placed inside the 
graves and after some years, the bone material was placed inside a funerary urn or stacked in 
"packages" and then they were placed in the same grave again (Cooke et al.,1998; Cooke et 
al.,1998; Martín-Seijo et al., 2021; Ranere and Cooke, 2021). However, these burial 
structures (graves) could be used several times to bury other family or clan members (Cooke 
et al.,1998; Cooke et al.,1998; Martín-Seijo et al., 2021; Ranere and Cooke, 2021). Finally, 
although the bodies were underground within a burial structure, simultaneously they were 
exposed to water seepage from the surface, which increased the moisture levels in the grave, 
and along with the high temperature of the region favoured the activity of the decomposing 
organisms, such as fungi and bacteria. Probably, these conditions allowed the rates of organic 
decomposition to increase, which also provoked the quick degradation of the biological 
material and thus great damage to the genetic material of these individuals. This made it 
impossible to obtain information from the nuclear DNA of these samples, although it was 





4.2 DNA typing of the past, genetic landscapes, diversity and 
 structure 
 
 The lack of private alleles in ancient samples from Oceania, absence of sharing alleles 
between ancient Oceanians and modern Africans, Asians, New Zealanders from Western 
Polynesia, Caucasians from the US and Argentineans, and the lack of topological and 
morphological affinities among the genetic landscapes of ancient Oceanians and the five 
modern populations aforementioned is likely resulting from the effects of the population 
dynamics considering the temporal and spatial distances among ancient samples from 
Oceania and the individuals of modern populations. Thus, the horizon of biological events 
associated with the singularities observed in the behaviour of the density distributions of 
allelic frequencies, mainly involves migratory movements driven by social and / or 
environmental pressures, and ancestral miscegenation, which could be influenced by the 
systems of social mating and postmarital coexistence (uxorilocality and virilocality) (Bentley 
et al., 2021). 
Undoubtedly, the evolutionary forces that generate diversity in populations or 
subpopulations are mutation, the origin of all diversities, and gene flow that promote the gene 
exchange or the transference of alleles among populations (Fuchs Castillo, 2019; Hartl, 2020; 
Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). Whilst, genetic drift and natural 
selection are the evolutionary forces that sculpt and define both genetic landscapes and 
structure of populations (Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; 
Lohmueller and Nielsen, 2021). The mutations will generate alleles and depending on their 
initial frequencies, they will be fixed or eliminated by genetic drift (Fuchs Castillo, 2019; 
Hartl, 2020; Lohmueller and Nielsen, 2021). Whilst, the natural selection will promote the 
presence of some alleles into populations through differential survival of genotypes (Fuchs 




Observed differences in the allele frequency density distribution patterns between the 
ancient Oceanians and modern Africans, Asians, New Zealanders from Western Polynesia, 
Caucasians from the US and Argentineans reflect both differential fixed of genotypes by 
natural selection because of the alteration of the segregation patterns on the genetic markers 
evaluated and the random changes that occurred at the allele frequencies owing to genetic 
drift, which is accelerated by bottlenecks or founder effect. Ancestral gene flow and genetic 
admixtures promoted by panmictic mating and social mating systems have influenced the 
genetic history and population dynamics of the ancient Oceanians. The gene pool in some 
modern populations (America and Oceania) was drastically altered via gene flow, 
Genetic/ethnic admixture and replacement half a millennium ago, during the European period 
of colonization and exploration. The allele frequencies of Modern Asian, African and 
European populations have also been affected by certain admixture processes and gene flow. 
In summary, the interbreeding processes, migration events, genetic drift and mating patterns 
(panmictic mating and social mating systems), evolutionary processes that underlie 
population dynamics and genetic history of the human peoples, sculpting and modelling the 
genetic landscapes of the different human populations over the generations. 
Ancient Oceanians might be exhibiting those alleles that have already been fixed in 
the population several generations ago, which today are recognized as common alleles within 
the STRs loci analysed. Considering the ancestral population dynamics and the genetic 
history of the ancient individuals of Oceania, it might infer that the first anatomically modern 
humans who reached Sahul via Sunda and Wallacea had a genetic heritage whose structure 
would have been influenced by the gene pool of populations from the Middle East, India, and 
Southeast Asia and modified by genetic drift effects on the founder populations. Probably, 
ancient individuals from Oceania carried alleles identically by state (IBS), given the size of 
the founder population (150 - 1,000 individuals) (Zhivotovsky et al., 2003; Haber et al., 2019) 




a high inbreeding rate resulting from consanguineous cross-breeding. The genetic drift fixed 
or eliminated alleles according to their initial frequencies, this genetically homogenized the 
ancestral peoples of Oceania via the reduction in genetic diversity within populations and 
increased the genetic variance between populations, differentiating the ancestors of ancient 
Oceanians from their parental populations. Regarding the populations with a high 
miscegenation proportion in their gene pool (modern individuals from America and Oceania), 
their IBS alleles come from the Indigenous, European and African populations, providing a 
triple genetic heritage in these individuals. 
The most modern populations exhibited private or rare alleles at least in one of the 
genetic markers analysed. These allelic singularities in the modern populations could have 
their origins within the Aboriginal or indigenous populations, since the genetic information of 
the modern human groups used in this work comes from derivate populations (mestizos) from 
European, African and indigenous populations, as mentioned earlier. It is not a peculiar or 
strange event that human groups that have shared ancestry also share some alleles, which 
could be uncommon or even non-existent in other populations. This is resulting from most of 
the modern human populations exhibit a certain miscegenation degree with either nearby 
human groups or at an intercontinental level. Despite modern populations exhibited rare 
alleles (allele frequency ≤ 0.005), HWE expectations were not affected, since the amount of 
these allelic singularities within the evaluated genetic systems were not enough to disturb the 
genetic equilibrium configuration of these populations. 
Genetic diversity is quantified through evaluation of genotypes to determine the 
frequency of heterozygotes (Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; 
Lohmueller and Nielsen, 2021). Given that relative frequency of observed heterozygotes (Ho) 
can be affected by endogamy and population structure,  then, the  relative frequency of 
heterozygotes expected (He) under Hardy-Weinberg equilibrium should be determined to 




often different alleles will be added in a population to form heterozygous (Nei, 1973; Harris 
and DeGiorgio, 2017; Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; 
Lohmueller and Nielsen, 2021). Although the main effect of the genetic drift is the reduction 
of genetic diversity within populations, heterozygosity was not affected in the ancient 
samples of Oceania, since the expected heterozygosity in this sample set exhibited lofty 
values, He = ~80%, similar to the expected heterozygosity values in modern populations. 
Hardy-Weinberg expectations (HWE) were also unaffected by the genetic drift effects; since 
all populations meet the Hardy-Weinberg proportions. Probably, the alleles with high 
frequency were fixed by genetic drift, while the alleles whose low frequencies altered the 
Hardy-Weinberg expectations were eliminated also by genetic drift, a couple of generations 
ago, thus restoring the genetic equilibrium of the population. 
At the global level, the population sub-structure coefficient Fst, exhibited a low value, 
indicating that there are no allele frequencies variations among subpopulations, so there is no 
Wahlund effect (heterozygous deficit). Therefore, if there is no Wahlund effect, then there is 
no spatial gene structure or more correctly, genetic diversity is not spatially or geographically 
structured between subpopulations. The inbreeding coefficients both at individuals within the 
population groups and the total within-population groups exhibited values between low and 
moderated, indicating that populations are panmictic. Thus, the patterns of genetic diversity, 
density and distribution of the alleles frequencies in the genetic systems evaluated shaped the 
nuclear DNA genetic structure as well as the genetic landscapes of these populations through 
the action of evolutionary forces. Nevertheless, the genetic landscape morphology and 
topography of ancient samples from Oceania could be considered as a picture or radiography 






4.3 Mitochondrial DNA diversity 
According to the genetic information obtained from six STR markers, both ancient 
individuals from Oceania and individuals from modern populations got high values of 
heterozygosity, and thus high levels of genetic diversity. However, for mtDNA, 
heterozygosity is equivalent to nucleotide diversity and segregating sites (Hedrick, 2011; 
Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). 
Thus, both the values of nucleotide diversity (π or θπ) and segregating sites (S or θs) can be 
considered as expected heterozygosis, since they are a very precise way to estimate genetic 
variation on DNA sequences because of both are based on the number of differences by 
position according to the length of nucleotide sequences in the alignment (Hedrick, 2011; 
Fuchs Castillo, 2019; Hartl, 2020; Láruson and Reed, 2021; Lohmueller and Nielsen, 2021). 
The uncertainty levels generated by the information entropy (Shannon entropy) in a set of 
aligned sequences allow visualizing the distribution of genetic variability by position through 
the detection of informative polymorphic sites, giving an idea of the positions that exhibit 
greater genetic variability (Torkashvand et al., 2021). 
Between 41.94% and 50% of polymorphic sites of ancient individuals from Oceania, 
South America and Panama exhibited less than one bit of contained information by position, 
providing unambiguous information about the real informatively level and genetic variation 
on these segregating sites. The most common observed mutations in these set of sequences 
were transitions, both pyrimidine and purine type. The occurrence of this kind of substitution 
in the populations mentioned above ranged between 76.92% and 90%. The frequency of this 
type of substitutions is not random, because evolutionarily the transitions are more favoured 




are less recognized as errors and therefore, decreasing the probability to be corrected, and 
being neutral mutations (in this case), they do not affect the fitness of individuals. 
Regarding haplotype diversity, ancient individuals from Oceania exhibited a greater 
quantity of mitochondrial variants with origins between East, South Central, and Southeast 
Asia, and Near and Remote Oceania, evidencing the flow of mtDNA molecules with 
mutations regionally defined in ancient samples from Oceania, as well as, the evolution of 
some mitochondrial variants that became in mtDNA lineages typical of Remote Oceania. The 
presence of the matrilineal Asian genetic heritage in these samples is linked to the initial 
settlement of Oceania during the Upper Pleistocene 55,000 – 65,000 years ago (Clarkson et 
al., 2017; Bedford et al., 2018; Lipson et al., 2018; Matsumura et al., 2018; Posth et al., 2018; 
Llamas et al., 2020; Prasetyo et al., 2021), as well as the Austro-Asiatic (10,000 years ago) 
(Llamas et al., 2020; Prasetyo et al., 2021; Sun et al., 2021) and Austronesian (3,000 – 5,000 
years ago) (Llamas et al., 2020; Prasetyo et al., 2021) expansion that took place during 
Holocene. The South American and Panamanian samples showed Pan-American haplogroups, 
where ancient individuals from South America exhibited higher haplotype diversity than 
ancient Panamanians.  
Ancient South American individuals have mitochondrial lineages linked to both the 
early settlement of America through the Pacific coastline or the continental interior route via 
Ice-Free Corridor during the Upper Pleistocene about 14,700 – 17,000 years ago (Perego et 
al., 2009; de Saint Pierre et al., 2012; Stroeven et al., 2014; Gómez-Carballa et al., 2018; 
Davis et al., 2016; Potter et al., 2016; Simão et al., 2019; Suarez and Ardelean, 2019; 
Hoffecker et al., 2021), and mtDNA lineages  linked to the hunter-gatherers dispersion that 
took place during the Holocene about 8,900 – 11,500 years ago (Cooke et al., 2013; Posth et 




Whilst, the ancient individuals from Panama have mitochondrial lineages mainly linked to the 
dispersion event mentioned above. This exposes the molecular evolution, at mitochondrial 
lineages level, of the human groups of America, since they split from the mother populations 
of Northeast Siberia and Bering, as well as the migratory events that provoke the peopling of 
the continent. 
When the settlement of Oceania and America had occurred, the effective number of 
individuals involved in these events ranged from approximately 150 – 1,000 people to 
Oceania (Zhivotovsky et al., 2003; Haber et al., 2019) and 250 to America (Fagundes et al., 
2018) respectively. Thus, the first modern humans who arrived in these regions represented 
only a small portion of the total genetic diversity that was found in the mother populations of 
these individuals. This made the effect of genetic drift more evident in populations derived 
from the founder groups of Oceania and America. Therefore, the low genetic diversity 
observed (at mtDNA level) in the sequence sets of the ancient samples from Oceania, South 
America and Panama (Table 10) could be reflecting the vestiges of the founder effect that 
occurred when these individuals arrived at these regions about 14,600 years ago. 
When evaluating the sources of genetic variation both in the nuclear DNA and 
mitochondrial DNA, it was possible to notice that the main variation sources for both nDNA 
and mtDNA were found within the individuals and not among the populations. Regardless of 
the mode of inheritance of these genomes, both indicate that the migrants bear a fraction of 
allele combinations and a few mitochondrial lineages. Over time, these genetic variants will 
accumulate mutations in the founder populations that differentiate them from the mother 
populations. The high global Fst indicate that at the mitochondrial level, the genetic variation 
is spatially or geographically structured among these populations. Whilst, Fst value between 




differentiation, indicating that the genetic variation between these human groups is 
moderately structured around the geographical regions. Given that the Fst reflects the 
ancestral genetic conditions of populations; the genetic structure of these populations could 





4.4 Inferring historical demographic patterns and clustering 
 trends 
  
 Tajima's D, Fu's Fs, Harpending raggedness index and the mismatch distribution of the 
sequences suggest that the populations of Oceania, South America and Panama went through 
a demographic expansion. Geologically, the temporal range of these expansions is between 
the Upper Pleistocene (129,000 – 11,700 years ago) and the Holocene (11,700 years ago – 
present); while from the climatological point of view they are located within the Last Glacial 
Period (LGP) or Wisconsin / Würm glaciation (11,000 – 75,000 years ago). During the last 
ice age (Wisconsin / Würm glaciation), the concentration of ice on the continents lowered the 
level of the oceans by about 120 meters (Clayton and Attig, 1987; Fagan, 2019; Steeves, 
2021). This descent caused that in several points of the planet terrestrial connections were 
created, like for example Australia with Tasmania and New Guinea; The Philippines and 
Indonesia; Japan and Korea; and Asia and America (Harff et al., 2016; Kawai and Rogers, 
2021). 
 The ancient samples from Oceania suggest by roughly 37,972 years ago (95% CI 
34,537 – 42,167 years ago) individuals from this region underwent a population expansion. 
This expansion corresponds with the temporal range of the Upper Paleolithic (12,000 – 
50,000 years ago). In accordance with the literature, during this period the initial settlement of 
Melanesia took place as well as the divergence between Oceanian and Southeast Asian 
peoples, which occurred ~36,000 years ago (Pugach et al., 2013; Jinam et al., 2017; Posth et 
al., 2018; Bird et al., 2019; Bradshaw et al., 2019; Bradshaw et al., 2021). Mitochondrial 
lineages Q1, Q2 and Q2a3b whose coalescence ages estimate at ~ 17,200 – 30,270 years are 
linked particularly to the migratory event that gave rise to the initial peopling of the Bismarck 
Archipelago through the New Britain Island colonization about 35,000 years ago (Pedro et 
al., 2020), and the settlement of Solomon Island about 29,000 years ago (Matisoo-Smith, 




 The East and Southeast Asian haplogroups, D4h1, M7b1a1i and M65a whose 
coalescence ages estimate at ~ 17,000 – 18,000 years, besides being linked to the peopling of 
some Oceania regions, during de Upper Palaeolithic, also support Asian ancestry of some 
human groups from Oceania. Whilst, the mtDNA variants B4c1a1 and E1a2, also from East 
and Southeast Asia, and whose coalescence ages estimate at ~ 9,600 – 10,000 years, are 
linked to the human expansion known as the Austronesian expansion happened around 6,000 
– 10,000 years ago (Matisoo-Smith, 2015; Issiki et al., 2018), and that took place in Remote 
Oceania, during the Early Holocene, after the last glacial period. 
 While the peopling of Melanesia occurred, nineteen thousand years after the first 
Anatomically Modern humans crossed the boundary of Sunda into Sahul, somewhere in East 
Asia around 36,000 years ago, a group of individuals splits off their mother population to give 
rise to the founder population of Beringia human groups and some Native America peoples 
(Moreno-Mayar et al., 2018). North or South America first? From here, the debate on the 
peopling of America begins, which is characterized by the passion shown by scientists, the 
variety of theories, and sub-theories, the contradictory results, the number of studies, and 
counter studies and striking headlines in the newspapers (Suarez and Ardelean, 2019). The 
antiquity of humans in America is subject to great scientific controversy. The latest date is the 
one held by proponents of the late settlement theory and is related to the Clovis culture, which 
undoubtedly established a human presence 13,500 years ago (Sonneborn, 2006; Fagan, 2019; 
Ardelean et al., 2020; Steeves, 2021). Proponents of this theory argue that the date of entry to 
the continent could not be earlier than 14,000 years, because it was at that time that the free 
corridor opened following the Mackenzie River through present-day Canadian territory 
(Pauketat and Sassaman, 2020; Young et al., 2020). This hypothesis has been definitively 
disproved by the dating of Monte Verde, Chile, 14,800 years old (Suarez and Ardelean, 2019; 
Gruhn, 2020; Becerra-Valdivia and Higham, 2020; Pauketat and Sassaman, 2020; Dillehay et 




discovered at the Pilauco Bajo paleontological site, which has antiquity dated 15,600 years 
old (Gruhn, 2020; Pauketat and Sassaman, 2020; Roca-Rada et al., 2021; Steeves, 2021).  
 The ancient samples from South America suggest by roughly 14,150 years ago (95% CI 
15, 713 – 12,870 years ago) individuals from this region underwent a population expansion. 
This expansion corresponds to the temporal range of the American Paleo-Indian period (8,000 
– 20,000 years ago). This date could be reflecting a possible but challenging hunter and 
gatherer migration along the North Pacific Coastline 14,700 – 17,000 years ago, as well as the 
divergence of Native American groups (Stroeven et al., 2014; Davis et al., 2016; Potter et al., 
2016; Timmermann and Friedrich, 2016; Nielsen et al., 2017; Suarez and Ardelean, 2019; 
Llamas et al., 2020; Braje et al., 2020; Puzachenko et al., 202; Steeves, 2021). Nonetheless, 
although the marine ecosystem along the Pacific Coastal Route was productive enough to 
support human migrations, the human groups that would have used this road to migrate across 
the continent would have been struggling with sea ice and broke glaciers, which surely 
hampered the migration of humans inland and across the Americas by those times (Stroeven 
et al., 2014; Davis et al., 2016; Potter et al., 2016; Nielsen et al., 2017; Suarez and Ardelean, 
2019; Llamas et al., 2020; Braje et al., 2020; Steeves, 2021). 
 The ancient samples from Panama suggest by roughly 9,468 years ago (95% CI 8,611 – 
10,513 years ago) individuals from this place underwent a population expansion. This 
expansion corresponds to the temporal range of the Early Holocene (8,200 – 11,700 years 
ago), which coincides with the Early Archaic period of America. These temporary estimates 
of population expansion match archaeological evidence of the presence of human groups in 
the isthmus of Panama 7,000 – 13,000 years ago (Cooke et al., 2013; Ranere and Cooke, 
2021; Capodiferro et al., 2021), as well as Proto-Chibchan groups divergence, and the 
microphylum Lenmichi fragmentation 7,000 – 10,000 years ago (Barrantes, 1993; Ruiz-
Narváez et al., 2005; Constenla Umaña, 2008; Boas, 2010; Núñez-Castillo, 2012; Langebaek, 




ages estimate at ~ 13,300 – 18,5000 years might be linked to the gen flow that happened 
between eastern Siberia (Asia) and western Alaska (America) by rough 15,000 – 25,000 years 
ago (Fagan, 2019; Llamas et al., 2020; Steeves, 2021), towards the end of Wisconsin / Würm 
glaciation (Ice Age), during the Upper Pleistocene, when glaciers that covered the northern 
half of the continent began to gradually melt, exposing new land for occupation. The 
temporal estimates of these lineages might also be linking them to the divergence of Native 
American groups 15,000 - 17,000 years ago (Nielsen et al., 2017; Llamas et al., 2020). 
Likewise, these mitochondria variants might be reflecting the initial peopling of South 
America during the Upper Paleolithic, around 14, 500 – 15,600 years ago (de Saint Pierre et 
al., 2012; Suarez and Ardelean, 2019; Gruhn, 2020; Becerra-Valdivia and Higham, 2020; 
Pauketat and Sassaman, 2020; Dillehay et al., 2021; Roca-Rada et al., 2021). Whilst, A2 and 
D1a1 lineages whose coalescence ages estimate at ~ 4,500 – 9,3000 years might be linked to 
the hunter-gatherers gene flow that took place about 8,900 – 11,500 years ago, when climate 
stabilized leading to a rise in population and lithic technology advances (Sonneborn, 2006; 
Fagan, 2019; Pauketat and Sassaman, 2020), during the Middle Holocene, which corresponds 
to the Early Archaic period of America (Cooke et al., 2013; Posth et al., 2018; Antczak, 2019; 
Suarez and Ardelean, 2019; Gruhn, 2020; Ranere and Cooke, 2021). 
 Thus, the human groups that dispersed into the continent were groups of hunters and 
gatherers who crossed Beringia, during the Paleoindian Period, looking for food, 
subsequently becoming the first American residents. Once settled on the continent, these 
human groups developed the first stone tools and the bases of the ethnic and linguistic 
diversity of pre-Hispanic America. During the Holocene, anatomically modern humans went 
from being a group of nomadic people, whose lifestyle was based on hunting and gathering to 
clans with a more sedentary lifestyle where agriculture became the main source of food. This 
laid the foundations for the development of the great civilizations and empires that existed on 




 The phylogenetic tree exhibited a clear clustering trend, where Panamanian and South 
American individuals grouped together in a clade, while Oceania individuals are grouped in 
another clade, the Oceanian branch, showing that the individuals from Near Oceania showed 
greater genetic affinity between them. Also, the Remote Oceania clusters exhibited greater 
affinity with each other. However, the cluster of individuals without a defined subregion 
seemed to have a genetic affinity with the individuals from Remote Oceania, so that the 
tagged individuals as Oceania_xx and Melanesia_xx could have mitochondrial links 
associated with Polynesian ancestry or these samples could have been mislabelled, which is 
not a situation with a low probability of occurrence, considering that during the second war at 
the end of July 1943 a bombing was carried out on the German city of Hamburg (Operation 
Gomorrah) by the Royal British Air Force and United States Army Air Forces (Lowe, 2007). 
This attack affected the Ethnohistorical Institute of the University of Hamburg, where the 
samples used in this study were stored. Unfortunately, the fire that broke out from the 
bombing destroyed part or all the archaeological and anthropological information of some 
samples. After World War II, some anthropologists tried to geographically order and relocate 
the specimens of the anthropological collection of this institute. During this work, some 
samples lacked essential information to relocate them geographically, so they were labelled 
only inferring the continental region they probably belonged to.  
 The American branch, showing that individuals from Brazil and Peru exhibited more 
genetic affinities with Panamanian samples than with Venezuela and Chile. This clustering 
pattern is similar to that found by Ruiz-Narváez et al. (2005) when analysed the genetic 
distances generated from Y-Chromosome microsatellites in Chibchan groups from Lower 
Central America (LCA) and South American tribes from the Andean and Amazonian regions. 
The phylogenetic inference generated by Ruiz-Narváez et al. (2005) showed that the 
Chibchan groups exhibited more genetic affinities with tribes Cayapa from Ecuador, Gaviao 




The phylogenetic relationships observed between the tribes Chibchan, and South American 
could be explained by Wang et al. (2007), when examined genetic diversity, and population 
structure in the American landmass using 678 autosomal microsatellite markers genotyped in 
422 individuals representing 24 Native American populations sampled from North, Central, 
and South America. This study showed that the dispersal of the human populations happened 
from North America to South America, and the genetic similarities between South and 
Central American populations were likely resulting from a recent gene flow along the Pacific 
North Coast (Wang et al., 2007), which probably took place between the Middle and the 
Upper Holocene about 4,200 – 8,200 years ago (Fagan, 2019; Suarez and Ardelean, 2019; 
Pauketat and Sassaman, 2020; Steeves, 2021). By roughly 4,200 years ago, there was a 
population expansion from the California Channel Island to the southern Peruvian Andes, 
generating an ancestry shared between North and South (Posth et al., 2018). The human 
groups that peopled Oceania and America went through demographic expansions and 
population splits so that, the groups derived from these population dynamics were more 
susceptible to the genetic drift effects since having a low number of individuals, generated 
small differences that became part of the typical genetic pool of these human groups, giving 






1. The genetic landscapes of the ancient individuals from Oceania did not keep 
similarities to the modern Africans, Asians, New Zealanders from Western Polynesia, 
European from the US and Argentineans genetic landscapes, since the gene pool of 
populations is the product of their own genetic history and population dynamics which 
has sculpted and determined their genetic landscapes and structure. The genetic 
landscapes of these populations reflected the change of allele frequencies through time 
and space, as well as the effect of the miscegenation process on the genomes, in terms 
of diversity, of Oceania and America, which went through a forced genetic admixture 
process half a millennium ago. 
2. The probability of segregating sites (θs), nucleotide diversity (θπ), and the probability 
of haplogroup (θh) or haplotype diversity indicated that hypervariable region I of the 
mitochondrial genome of the ancient samples from Oceania, South America and 
Panama had low levels of genetic diversity, probably resulting from the founder effect 
that occurred when the modern humans arrived at these regions by the first time 
during the Upper Pleistocene. Mitochondrial lineages found in these samples set were 
linked to the geographic regions under which the samples had been classified, 
indicating, in this case, that the genetic and anthropological information matches each 
other.  
3. Phylogenetic inferences showed clear clustering patterns, where the individuals from 
Bismark Archipelago and Papua New Guinea exhibited closer genetic affinities 
between them. Likewise, the individuals from New Zealand and Samoa exhibited 
greater affinity with each other. Moreover, the phylogenetic analyses were useful to 
clarify a bit the geographical origin of some samples, such as the samples tagged as 




American branch exhibited genetic affinities between Panamanian and South 
American (Brazil and Peru) samples, probably resulting from a migratory event, along 
the Pacific North Coast, from North America to South America that took place 
between the Middle and the Upper Holocene. 
4. The expansion time of ancient individuals from Oceania 37,972 years ago (95% CI 
34,537 – 42,167 years ago) is consistent with the initial colonization period of the 
Bismark archipelago and the Solomon Islands. Likewise, the expansion time of 
ancient individuals from South America 14,150 years ago (95% CI 15, 713 – 12,870 
years ago) correspond to the initial settlement of South America during the Upper 
Pleistocene. Whilst, the expansion time of ancient individuals from Panama 9,468 
years ago (95% CI 8,611 – 10,513 years ago) is consistent with the migratory event 
that happened during the Early Holocene and that gave rise to the initial peopling of 
the Isthmus-Columbian area. 
 





Achilli, A., Perego, U.A., Bravi, C.M., Coble, M.D., Kong, Q.-P., Woodward, S.R., Salas, A., 
Torroni, A., Bandelt, H.-J., 2008. The Phylogeny of the Four Pan-American MtDNA 
Haplogroups: Implications for Evolutionary and Disease Studies. PLOS ONE 3, e1764. 
 
Achilli, A., Perego, U.A., Lancioni, H., Olivieri, A., Gandini, F., Hooshiar Kashani, B., 
Battaglia, V., Grugni, V., Angerhofer, N., Rogers, M.P., Herrera, R.J., Woodward, S.R., 
Labuda, D., Smith, D.G., Cybulski, J.S., Semino, O., Malhi, R.S., Torroni, A., 2013. 
Reconciling migration models to the Americas with the variation of North American native 
mitogenomes. Proc Natl Acad Sci U S A 110, 14308–14313.  
 
Adams, S., Westaway, M.C., McGahan, D., Williams, D., Zhao, J.-X., Feng, Y., Nguyen, A., 
Pearce, J., Flinders, C., Collard, M., 2021. Isotopic analyses of prehistoric human remains 
from the Flinders Group, Queensland, Australia, support an association between burial 
practices and status. Archaeol Anthropol Sci 13, 121.  
 
Addison, D. J., Matisoo-Smith, E. 2010. Rethinking Polynesians origins: A West-Polynesia 
Triple-I Model. Archaeology in Oceania, 45(1), 1–12. 
 
Adler CJ, Haak W, Donlon D, Cooper A. 2011. Survival and recovery of DNA from ancient 
teeth and bones. Journal of Archaeological Science 38:956–964. 
 
Akkuratov, E.E., Gelfand, M.S., Khrameeva, E.E., 2018. Neanderthal and Denisovan ancestry 
in Papuans: A functional study. J Bioinform Comput Biol 16, 1840011.  
 
Alberts, B., Johnson, A., Lewis, J., Morgan, D., Raff, M., Roberts, K., Walter, P.  2015. 
Molecular Biology of the Cell (6th Revised edition. Revised edition). New York, NY: Norton 
Company. 
 
Allen, J. F., Raven, J. A., Andersson, G. E., Karlberg, O., Canbäck, B., Kurland, C. G. 2003. 
On the origin of mitochondria: a genomics perspective. Philosophical Transactions of the 
Royal Society of London. Series B: Biological Sciences, 358(1429), 165–179.  
 
Allentoft, M. E., Collins, M., Harker, D., Haile, J., Oskam, C. L., Hale, M. L., Bunce, M. 
2012. The half-life of DNA in bone: measuring decay kinetics in 158 dated fossils. 
Proceedings of the Royal Society B: Biological Sciences, 279(1748), 4724–4733.  
 
Almeida, M.R.M.A., 2018. The genetic history of Micronesia using mitochondrial DNA and 
genome-wide data. A história genética da Micronésia com base em DNA mitocondrial e em 
dados do genoma. http://repositorium.sdum.uminho.pt/ 
 
Altekar G, Dwarkadas S, Huelsenbeck JP, Ronquist F. 2004. Parallel Metropolis coupled 
Markov chain Monte Carlo for Bayesian phylogenetic inference. Bioinformatics 20:407–415. 
 
Alterauge, A., Lösch, S., Sulzer, A., Gysi, M., Haas, C., 2021. Beyond simple kinship and 
identification: aDNA analyses from a 17th-19th century crypt in Germany. Forensic Science 
International: Genetics 53, 102498.  
Antczak, E. by C.L.H. and A.T., 2019. Early Settlers of the Insular Caribbean. Dearchaizing 
the Archaic. www.sidestone.com 




Ardelean, C.F., Becerra-Valdivia, L., Pedersen, M.W., Schwenninger, J.-L., Oviatt, C.G., 
Macías-Quintero, J.I., Arroyo-Cabrales, J., Sikora, M., Ocampo-Díaz, Y.Z.E., Rubio-
Cisneros, I.I., Watling, J.G., de Medeiros, V.B., De Oliveira, P.E., Barba-Pingarón, L., Ortiz-
Butrón, A., Blancas-Vázquez, J., Rivera-González, I., Solís-Rosales, C., Rodríguez-Ceja, M., 
Gandy, D.A., Navarro-Gutierrez, Z., De La Rosa-Díaz, J.J., Huerta-Arellano, V., Marroquín-
Fernández, M.B., Martínez-Riojas, L.M., López-Jiménez, A., Higham, T., Willerslev, E., 
2020. Evidence of human occupation in Mexico around the Last Glacial Maximum. Nature 
584, 87–92.  
 
Arenas, M., Gorostiza, A., Baquero, J.M., Campoy, E., Branco, C., Rangel-Villalobos, H., 
González-Martín, A., 2020. The Early Peopling of the Philippines based on mtDNA. Sci Rep 
10, 4901. 
 
Arriaza, B., Rivera, M. A., Schiappacasse, V., Wise, K. 1994. Tipología de las momias 
Chinchorro y evolución de las prácticas de momificación. Chungara: Revista de Antropología 
Chilena, 26(1), 11–47.  
 
Aschero, C., Bobillo, F., Faundes, W., Lund, J., Olmos, V. 2018. New Data and questions 
about firstsouth-americans at Antofagasta de la Sierra, Argentina. Presented at the Congress; 
UISPP CONGRESS (International Union of Prehistoric and Protohistoric Sciences), Paris, 
France.  
 
Atilano, S.R., Udar, N., Satalich, T.A., Udar, V., Chwa, M., Kenney, M.C., 2021. Low 
frequency mitochondrial DNA heteroplasmy SNPs in blood, retina, and of age-related 
macular degeneration subjects. PLOS ONE 16, e0246114.  
 
Augenstein, S. 2017. Germany Mulls DNA Database Identifiers of Hair, Eye Color, Ethnicity. 




Baab, K.L., 2021. Reconstructing cranial evolution in an extinct hominin. Proceedings of the 
Royal Society B: Biological Sciences 288, 20202604.  
 
Baker, J. L., Rotimi, C. N., Shriner, D. 2017. Human ancestry correlates with language and 
reveals that race is not an objective genomic classifier. Scientific Reports, 7.  
 
Bálint, M., Pfenninger, M., Grossart, H.-P., Taberlet, P., Vellend, M., Leibold, M.A., Englund, 
G., Bowler, D., 2018. Environmental DNA Time Series in Ecology. Trends in Ecology & 
Evolution 33, 945–957 
 
Bandelt, H.-J. 2008. The Phylogeny of the Four Pan-American MtDNA Haplogroups: 
Implications for Evolutionary and Disease Studies. PLOS ONE, 3(3), e1764.  
 
Barbieri, C., Barquera, R., Arias, L., Sandoval, J.R., Acosta, O., Zurita, C., Aguilar-Campos, 
A., Tito-Álvarez, A.M., Serrano-Osuna, R., Gray, R.D., Mafessoni, F., Heggarty, P., Shimizu, 
K.K., Fujita, R., Stoneking, M., Pugach, I., Fehren-Schmitz, L., 2019. The Current Genomic 
Landscape of Western South America: Andes, Amazonia, and Pacific Coast. Molecular 
Biology and Evolution 36, 2698–2713.  




Barbieri, C., Whitten, M., Beyer, K., Schreiber, H., Li, M., Pakendorf, B. 2012. Contrasting 
maternal and paternal histories in the linguistic context of Burkina Faso. Molecular Biology 
and Evolution, 29(4), 1213–1223. 
 
Barrantes, R. 1993. Evolución en el trópico: los amerindios de Costa Rica y Panamá. 
Editorial Universidad de Costa Rica. 
 
Basu, A., Majumder, P.P., 2021. Peopling and Population Structure of West and South Asia, 
in: Saitou, N. (Ed.), Evolution of the Human Genome II: Human Evolution Viewed from 
Genomes, Evolutionary Studies. Springer Japan, Tokyo, pp. 153–164.  
 
Battaglia, V., Grugni, V., Perego, U.A., Angerhofer, N., Gomez-Palmieri, J.E., Woodward, 
S.R., Achilli, A., Myres, N., Torroni, A., Semino, O., 2013. The First Peopling of South 
America: New Evidence from Y-Chromosome Haplogroup Q. PLOS ONE 8, e71390.  
 
Becerra-Valdivia, L., Higham, T., 2020. The timing and effect of the earliest human arrivals in 
North America. Nature 584, 93–97. 
 
Bedford, S., Blust, R., Burley, D.V., Cox, M., Kirch, P.V., Matisoo-Smith, E., Næss, Å., 
Pawley, A., Sand, C., Sheppard, P., 2018. Ancient DNA and its contribution to understanding 
the human history of the Pacific Islands. Archaeology in Oceania 53, 205–219.  
 
Bedford, S., Spriggs, M., 2019. Debating Lapita: Distribution, Chronology, Society and 
Subsistence. https://doi.org/10.22459/TA52.2019 
 
Benjamin, G., 2021. Singapore’s other Austronesian languages, in: Multilingual Singapore. 
Routledge. First edition, 9780429280146. 
 
Bentley, R.A., Moritz, W.R., Ruck, D.J., O’Brien, M.J., 2021. Evolution of initiation rites 
during the Austronesian dispersal. Science Progress 104, 00368504211031364. 
https://doi.org/10.1177/00368504211031364 
 
Bergen, A.W., Wang, C.Y., Tsai, J., Jefferson, K., Dey, C., Smith, K.D., Park, S.C., Tsai, S.J., 
Goldman, D., 1999. An Asian-Native American paternal lineage identified by RPS4Y 
resequencing and by microsatellite haplotyping. Ann Hum Genet 63, 63–80.  
 
Berger, S.M., 2021. Exploring Pre-Columbian Health and Lifeways in the Greater Coclé 
Region, Panama - ProQuest. 
 
Bergström, A., Stringer, C., Hajdinjak, M., Scerri, E.M.L., Skoglund, P., 2021. Origins of 
modern human ancestry. Nature 590, 229–237.  
 
Bergström, S. M., Chen, X., Gutiérrez-Marco, J. C., Dronov, A. 2009. The new 
chronostratigraphic classification of the Ordovician System and its relations to major regional 
series and stages and to δ 13 C chemostratigraphy. Lethaia, 42(1), 97–107.  
Bermúdez-de-Castro, J.-M., Martinón-Torres, M., Martín-Francés, L., Modesto-Mata, M., 
Martínez-de-Pinillos, M., García, C., Carbonell, E., 2017. Homo antecessor: The state of the 
art eighteen years later. Quaternary International, What’s happening now in Atapuerca? Latest 
research at the Sierra de Atapuerca sites 433, 22–31.  
Bibliography            
 
154 
Beyer, R.M., Krapp, M., Eriksson, A., Manica, A., 2020. Windows out of Africa: A 300,000-
year chronology of climatically plausible human contact with Eurasia. bioRxiv 
2020.01.12.901694. https://doi.org/10.1101/2020.01.12.901694 
 
Bird, M.I., Condie, S.A., O’Connor, S., O’Grady, D., Reepmeyer, C., Ulm, S., Zega, M., 
Saltré, F., Bradshaw, C.J.A., 2019. Early human settlement of Sahul was not an accident. Sci 
Rep 9, 8220. https://doi.org/10.1038/s41598-019-42946-9 
 
Blench, R., 2021. Spliting up proto-MalayoPolynesian: New models of dispersals from 
Taiwan. UGM PRESS. 
 
Boas, F. 1911. Handbook of American Indian languages. Smithsonian Institution Bureau of 
American Ethnology Bulletin 40. Parts I      II. (Edición: 1st). Government Printing Office. 
1911 / 1922. 
 
Boas, F., 2010. Handbook of American Indian languages. Nabu Press. 
 
Boivin, N., Fuller, D. Q., Dennell, R., Allaby, R.,      Petraglia, M. D. 2013. Human dispersal 
across diverse environments of Asia during the Upper Pleistocene. Quaternary International, 
300, 32–47.  
 
Bonatto, S. L., Redd, A. J., Salzano, F. M.,      Stoneking, M. 1996. Lack of ancient 
Polynesian-Amerindian contact. American Journal of Human Genetics, 59(1), 253–258. 
 
Bons, P.D., Bauer, C.C., Bocherens, H., de Riese, T., Drucker, D.G., Francken, M., 
Menéndez, L., Uhl, A., van Milligen, B.P., Wißing, C., 2019a. Out of Africa by spontaneous 
migration waves. PLoS One 14.  
 
Bons, P.D., Bauer, C.C., Bocherens, H., Riese, T. de, Drucker, D.G., Francken, M., 
Menéndez, L., Uhl, A., Milligen, B.P. van, Wißing, C., 2019b. Out of Africa by spontaneous 
migration waves. PLOS ONE 14, e0201998.  
 
Bortolini, M.-C., Salzano, F. M., Thomas, M. G., Stuart, S., Nasanen, S. P. K., Bau, C. H. D., 
Ruiz-Linares, A. 2003. Y-Chromosome Evidence for Differing Ancient Demographic 
Histories in the Americas. American Journal of Human Genetics, 73(3), 524–539. 
 
Botigué, L.R., Henn, B.M., Gravel, S., Maples, B.K., Gignoux, C.R., Corona, E., Atzmon, G., 
Burns, E., Ostrer, H., Flores, C., Bertranpetit, J., Comas, D., Bustamante, C.D., 2013. Gene 
flow from North Africa contributes to differential human genetic diversity in southern 
Europe. Proc Natl Acad Sci U S A 110, 11791–11796.  
 
Bouckaert R, Vaughan TG, Barido-Sottani J, Duchêne S, Fourment M, Gavryushkina A, 
Heled J, Jones G, Kühnert D, Maio ND, Matschiner M, Mendes FK, Müller NF, Ogilvie HA, 
Plessis L du, Popinga A, Rambaut A, Rasmussen D, Siveroni I, Suchard MA, Wu C-H, Xie D, 
Zhang C, Stadler T, Drummond AJ. 2019. BEAST 2.5: An advanced software platform for 
Bayesian evolutionary analysis. PLOS Computational Biology 15: e1006650. 
Božič, L., Benedik Bevc, T., Podovšovnik, E., Zupanc, T., Zupanič Pajnič, I., 2021. Intra-
bone nuclear DNA variability and STR typing success in Second World War first ribs. Int J 
Legal Med. https://doi.org/10.1007/s00414-021-02681-1 
 
Bibliography            
 
155 
Bradshaw, C. J. A., Ulm, S., Williams, A. N., Bird, M. I., Roberts, R. G., Jacobs, Z., Saltré, F. 
2019. Minimum founding populations for the first peopling of Sahul. Nature Ecology 
Evolution, 3(7), 1057–1063.  
 
Bradshaw, C.J.A., Norman, K., Ulm, S., Williams, A.N., Clarkson, C., Chadœuf, J., Lin, S.C., 
Jacobs, Z., Roberts, R.G., Bird, M.I., Weyrich, L.S., Haberle, S.G., O’Connor, S., Llamas, B., 
Cohen, T.J., Friedrich, T., Veth, P., Leavesley, M., Saltré, F., 2021a. Stochastic models support 
rapid peopling of Late Pleistocene Sahul. Nat Commun 12, 2440. 
https://doi.org/10.1038/s41467-021-21551-3 
 
Bradshaw, C.J.A., Norman, K., Ulm, S., Williams, A.N., Clarkson, C., Chadœuf, J., Lin, S.C., 
Jacobs, Z., Roberts, R.G., Bird, M.I., Weyrich, L.S., Haberle, S.G., O’Connor, S., Llamas, B., 
Cohen, T.J., Friedrich, T., Veth, P., Leavesley, M., Saltré, F., 2021b. Stochastic models support 
rapid peopling of Late Pleistocene Sahul. Nat Commun 12, 2440. 
https://doi.org/10.1038/s41467-021-21551-3 
 
Bradshaw, C.J.A., Ulm, S., Williams, A.N., Bird, M.I., Roberts, R.G., Jacobs, Z., Laviano, F., 
Weyrich, L.S., Friedrich, T., Norman, K., Saltré, F., 2019. Minimum founding populations for 
the first peopling of Sahul. Nat Ecol Evol 3, 1057–1063. https://doi.org/10.1038/s41559-019-
0902-6 
 
Braje, T.J., Erlandson, J.M., Rick, T.C., Davis, L., Dillehay, T., Fedje, D.W., Froese, D., 
Gusick, A., Mackie, Q., McLaren, D., Pitblado, B., Raff, J., Reeder-Myers, L., Waters, M.R., 
2020. Fladmark + 40: What Have We Learned about a Potential Pacific Coast Peopling of the 
Americas? American Antiquity 85, 1–21.  
 
Brandão, A., Eng, K.K., Rito, T., Cavadas, B., Bulbeck, D., Gandini, F., Pala, M., Mormina, 
M., Hudson, B., White, J., Ko, T.-M., Saidin, M., Zafarina, Z., Oppenheimer, S., Richards, 
M.B., Pereira, L., Soares, P., 2016. Quantifying the legacy of the Chinese Neolithic on the 
maternal genetic heritage of Taiwan and Island Southeast Asia. Hum Genet 135, 363–376 
 
Bravo HC, Wright S, Eng KH, Keles S, Wahba G. 2009. Estimating Tree-Structured 
Covariance Matrices via Mixed-Integer Programming. J Mach Learn Res 5:41–48. 
 
Briggs, A. W., Good, J. M., Green, R. E., Krause, J., Maricic, T., Stenzel, U., Pääbo, S. 2009. 
Targeted Retrieval and Analysis of Five Neandertal mtDNA Genomes. Science, 325(5938), 
318–321. 
 
Bright J-A, Buckleton JS, McGovern CE. 2010. Allele frequencies for the four major sub-
populations of New Zealand for the 15 Identifiler loci. Forensic Science International: 
Genetics 4:e65–e66. 
 
Brown, T. A. 2002. Mutation, Repair and Recombination. Wiley-Liss. 
https://www.ncbi.nlm.nih.gov/books/NBK21114/ 
 
Browning, S.R., Browning, B.L., Zhou, Y., Tucci, S., Akey, J.M., 2018. Analysis of human 
sequence data reveals two pulses of archaic Denisovan admixture. Cell 173, 53-61.e9. 
https://doi.org/10.1016/j.cell.2018.02.031 
 
Bibliography            
 
156 
Bugawan, T. L., Mirel, D. B., Valdes, A. M., Panelo, A., Pozzilli, P.,      Erlich, H. A. 2003. 
Association and Interaction of the IL4R, IL4, and IL13 Loci with Type 1 Diabetes among 
Filipinos. American Journal of Human Genetics, 72(6), 1505–1514. 
 
Burley, D., Edinborough, K., Weisler, M.,      Zhao, J. 2015. Bayesian Modeling and 
Chronological Precision for Polynesian Settlement of Tonga. PLoS ONE, 10(3), e0120795.  
 
Burr, S.P., Pezet, M., Chinnery, P.F., 2018. Mitochondrial DNA Heteroplasmy and Purifying 
Selection in the Mammalian Female Germ Line. Development, Growth & Differentiation 60, 
21–32. https://doi.org/10.1111/dgd.12420 
 
Butler, J. M. 2005. Forensic DNA Typing: Biology, Technology, and Genetics of STR Markers. 
Elsevier. 
 
Butler, J.M., 2005. Forensic DNA Typing: Biology, Technology, and Genetics of STR 
Markers, 2nd ed. edition. ed. Academic Press, Amsterdam; Boston. 
 
Cabrera, V.M., 2020. Counterbalancing the time-dependent effect on the human 
mitochondrial DNA molecular clock. BMC Evolutionary Biology 20, 78. 
https://doi.org/10.1186/s12862-020-01640-5 
 
Cabrera, V.M., 2021. Human molecular evolutionary rate, time dependency and transient 
polymorphism effects viewed through ancient and modern mitochondrial DNA genomes. Sci 
Rep 11, 5036. https://doi.org/10.1038/s41598-021-84583-1 
 
Cadd, H., Petherick, L., Tyler, J., Herbert, A., Cohen, T.J., Sniderman, K., Barrows, T.T., 
Fulop, R.H., Knight, J., Kershaw, A.P., Colhoun, E.A., Harris, M.R.P., 2021. A continental 
perspective on the timing of environmental change during the last glacial stage in Australia. 
Quaternary Research 1–19. https://doi.org/10.1017/qua.2021.16 
 
Callaway, E., 2018. Israeli fossils are the oldest modern humans ever found outside of Africa. 
Nature 554, 15–16. https://doi.org/10.1038/d41586-018-01261-5 
 
Callaway, E., 2021. Oldest DNA from a Homo sapiens reveals surprisingly recent 
Neanderthal ancestry. Nature 592, 339–339. https://doi.org/10.1038/d41586-021-00916-0 
 
Campbell NA, Williamson B, Heyden RJ. 2006. Biology Exploring Life. 2006 edition. 
Needham, Mass.: Pearson Prentice Hall. 
 
Campbell, L. 2000. American Indian Languages: The Historical Linguistics of Native 
America (Edición: Revised). Oxford: Oxford University Press. 
 
Capodiferro, M.R., Aram, B., Raveane, A., Rambaldi Migliore, N., Colombo, G., Ongaro, L., 
Rivera, J., Mendizábal, T., Hernández-Mora, I., Tribaldos, M., Perego, U.A., Li, H., Scheib, 
C.L., Modi, A., Gòmez-Carballa, A., Grugni, V., Lombardo, G., Hellenthal, G., Pascale, J.M., 
Bertolini, F., Grieco, G.S., Cereda, C., Lari, M., Caramelli, D., Pagani, L., Metspalu, M., 
Friedrich, R., Knipper, C., Olivieri, A., Salas, A., Cooke, R., Montinaro, F., Motta, J., Torroni, 
A., Martín, J.G., Semino, O., Malhi, R.S., Achilli, A., 2021. Archaeogenomic distinctiveness 
of the Isthmo-Colombian area. Cell 184, 1706-1723.e24.  
 
Bibliography            
 
157 
Cardoso, S., Alfonso-Sánchez, M.A., González-Andrade, F., Valverde, L., Odriozola, A., 
Pérez-Miranda, A.M., Peña, J.A., Martínez-Jarreta, B., de Pancorbo, M.M., 2008. 
Mitochondrial DNA in Huaorani (Ecuadorian amerindians): A new variant in haplogroup A2. 
Forensic Science International: Genetics Supplement Series, Progress in Forensic Genetics 12 
1, 269–270. https://doi.org/10.1016/j.fsigss.2007.11.003 
 
Cardoso, S., Alfonso-Sánchez, M.A., Valverde, L., Sánchez, D., Zarrabeitia, M.T., Odriozola, 
A., Martínez-Jarreta, B., de Pancorbo, M.M., 2012. Genetic uniqueness of the Waorani tribe 
from the Ecuadorian Amazon. Heredity 108, 609–615. https://doi.org/10.1038/hdy.2011.131 
 
Chakraborty R, Kimmel M, Stivers DN, Davison LJ, Deka R. 1997. Relative mutation rates at 
di-, tri-, and tetranucleotide microsatellite loci. PNAS 94:1041–1046. 
 
Chakraborty R. 1993. Analysis of Genetic Structure of Populations: Meaning, Methods, and 
Implications. In: Majumder PP, editor. Human Population Genetics: A Centennial Tribute to J. 
B. S. Haldane. Boston, MA: Springer US. p 189–206.  
 
Chakraborty, R., Kimmel, M., Stivers, D. N., Davison, L. J., Deka, R. 1997. Relative 
mutation rates at di-, tri-, and tetranucleotide microsatellite loci. Proceedings of the National 
Academy of Sciences, 94(3), 1041–1046. 
 
Chanda, P., Costa, E., Hu, J., Sukumar, S., Van Hemert, J., Walia, R., 2020. Information 
Theory in Computational Biology: Where We Stand Today. Entropy 22, 627. 
https://doi.org/10.3390/e22060627 
 
Chang, W., 2018. R Graphics Cookbook: Practical Recipes for Visualizing Data. Beijing; 
Boston. 
 
Chavarría, M.V., 2021. Fonética y fonología de las consonantes oclusivas del guaymí hablado 
en Costa Rica. LETRAS 105–128. https://doi.org/10.15359/rl.2-70.4 
 
Chen, H., Green, R. E., Pääbo, S.,      Slatkin, M. 2007. The Joint Allele-Frequency Spectrum 
in Closely Related Species. Genetics, 177(1), 387–398.  
 
Chen, P., Wu, J., Luo, L., Gao, H., Wang, M., Zou, X., Li, Y., Chen, G., Luo, H., Yu, L., Han, 
Y., Jia, F., He, G., 2019. Population Genetic Analysis of Modern and Ancient DNA Variations 
Yields New Insights into the Formation, Genetic Structure, and Phylogenetic Relationship of 
Northern Han Chinese. Front. Genet. 10. https://doi.org/10.3389/fgene.2019.01045 
 
Chierto, E., Cena, G., Mann, R.W., Mattutino, G., Nuzzolese, E., Robino, C., 2021. Sweet 
tooth: DNA profiling of a cranium from an isolated retained root fragment. Journal of 
Forensic Sciences 66, 1973–1979. https://doi.org/10.1111/1556-4029.14748 
 
Cho, M., 2020. A Review About Family Context and Reconstruction Problems in the 
Austronesian Languages Family. JURNAL ARBITRER 7, 210–220. 
https://doi.org/10.25077/ar.7.2.210-220.2020 
Choin, J., Mendoza-Revilla, J., Arauna, L.R., Cuadros-Espinoza, S., Cassar, O., Larena, M., 
Ko, A.M.-S., Harmant, C., Laurent, R., Verdu, P., Laval, G., Boland, A., Olaso, R., Deleuze, 
J.-F., Valentin, F., Ko, Y.-C., Jakobsson, M., Gessain, A., Excoffier, L., Stoneking, M., Patin, 
Bibliography            
 
158 
E., Quintana-Murci, L., 2021. Genomic insights into population history and biological 
adaptation in Oceania. Nature 592, 583–589. https://doi.org/10.1038/s41586-021-03236-5 
 
Choin, J., Mendoza-Revilla, J., Arauna, L.R., Cuadros-Espinoza, S., Cassar, O., Larena, M., 
Ko, A.M.-S., Harmant, C., Laurent, R., Verdu, P., Laval, G., Boland, A., Olaso, R., Deleuze, 
J.-F., Valentin, F., Ko, Y.-C., Jakobsson, M., Gessain, A., Excoffier, L., Stoneking, M., Patin, 
E., Quintana-Murci, L., 2021b. Genomic insights into population history and biological 
adaptation in Oceania. Nature 592, 583–589. https://doi.org/10.1038/s41586-021-03236-5 
 
Chunxiang, L.I., Fan, Z., Pengcheng, M.A., Lixin, W., Yinqiu, C.U.I., 2020. Ancient 
mitogenomes reveals Holocene human population history in the Nenjiang River valley. Acta 
Anthropologica Sinica 39, 695 
 
Clark, G., Grono, E., Ussher, E., Reepmeyer, C. 2015. Early settlement and subsistence on 
Tongatapu, Kingdom of Tonga: Insights from a 2700–2650calBP midden deposit. Journal of 
Archaeological Science: Reports, 3, 513–524. 
 
Clarke, A. C., Cordero, M.-A., Green, R. C., Irwin, G., Klar, K. A., Quiróz, D., Weisler, M. I. 
2011. Polynesians in America: Pre-Columbian Contacts with the New World (T. L. Jones, A. 
A. Storey, E. A. Matisoo-Smith, J. M. Ramírez-Aliaga, Eds.). Lanham: AltaMira Press. 
 
Clarkson, C., Jacobs, Z., Marwick, B., Fullagar, R., Wallis, L., Smith, M., Roberts, R.G., 
Hayes, E., Lowe, K., Carah, X., Florin, S.A., McNeil, J., Cox, D., Arnold, L.J., Hua, Q., 
Huntley, J., Brand, H.E.A., Manne, T., Fairbairn, A., Shulmeister, J., Lyle, L., Salinas, M., 
Page, M., Connell, K., Park, G., Norman, K., Murphy, T., Pardoe, C., 2017a. Human 
occupation of northern Australia by 65,000 years ago. Nature 547, 306–310.  
 
Clarkson, C., Jacobs, Z., Marwick, B., Fullagar, R., Wallis, L., Smith, M., Roberts, R.G., 
Hayes, E., Lowe, K., Carah, X., Florin, S.A., McNeil, J., Cox, D., Arnold, L.J., Hua, Q., 
Huntley, J., Brand, H.E.A., Manne, T., Fairbairn, A., Shulmeister, J., Lyle, L., Salinas, M., 
Page, M., Connell, K., Park, G., Norman, K., Murphy, T., Pardoe, C., 2017b. Human 
occupation of northern Australia by 65,000 years ago. Nature 547, 306–310.  
 
Clayton, L., Attig, J., 1987. Drainage of Lake Wisconsin near the end of the Wisconsin 
Glaciation, in: Catastrophic Flooding. Routledge. 
 
Clima R, Preste R, Calabrese C, Diroma MA, Santorsola M, Scioscia G, Simone D, Shen L, 
Gasparre G, Attimonelli M. 2017. HmtDB 2016: data update, a better performing query 
system and human mitochondrial DNA haplogroup predictor. Nucleic Acids Res 45: D698–
D706. 
 
Coccioni, R., Montanari, A., Bice, D., Brinkhuis, H., Deino, A., Frontalini, F., Lirer, F., 
Maiorano, P., Monechi, S., Pross, J., Rochette, P., Sagnotti, L., Sideri, M., Sprovieri, M., 
Tateo, F., Touchard, Y., Simaeys, S.V., Williams, G.L., 2018. The Global Stratotype Section 
and Point (GSSP) for the base of the Chattian Stage (Paleogene System, Oligocene Series) at 
Monte Cagnero, Italy. Episodes 41, 17–32.  
 
Cockle SA, Epand RM, Moscarello MA. 1978. Resistance of lipophilin, a hydrophobic 
myelin protein, to denaturation by urea and guanidinium salts. J Biol Chem 253:8019–8026. 
 
Bibliography            
 
159 
Codrington, R. H. (1891). The Melanesians: Studies in their Anthropology and Folk Lore. 
Nature, 44(1148), 613–613.  
 
Colella, J.P., Lan, T., Talbot, S.L., Lindqvist, C., Cook, J.A., 2021. Whole-genome 
resequencing reveals persistence of forest-associated mammals in Late Pleistocene refugia 
along North America’s North Pacific Coast. Journal of Biogeography 48, 1153–1169.  
 
Constenla Umaña, A., 2008. Estado actual de la subclasificación de las lenguas chibchenses y 
de la reconstrucción fonológicay gramatical del protochibchense. 
 
Cooke R, Ranere A, Pearson G, Dickau R. 2013. Radiocarbon chronology of early human 
settlement on the Isthmus of Panama (13,000–7000 BP) with comments on cultural affinities, 
environments, subsistence, and technological change. Quaternary International 301:3–22. 
 
Cooke R. 2005. Prehistory of Native Americans on the Central American Land Bridge: 
Colonization, Dispersal, and Divergence. J Archaeol Res 13:129–187. 
 
Cooke, R. G., Sanchez Herrera, L. A., Isaza Aizpurua, I. I., Perez Yancky, A. 1998. Rasgos 
Mortuorios y Artefactos Inusitados De Cerro Juan Díaz, Una Aldea Precolombina del Gran 
Coclé (Panamá Central). La Antigua., La Antigua. 127–196.  
 
Cooke, R., Ranere, A., Pearson, G., Dickau, R. 2013. Radiocarbon chronology of early human 
settlement on the Isthmus of Panama (13,000–7000 BP) with comments on cultural affinities, 
environments, subsistence, and technological change. Quaternary International, 301, 3–22.  
 
Cooke, R., Ranere, A., Pearson, G., Dickau, R., 2013. Radiocarbon chronology of early 
human settlement on the Isthmus of Panama (13,000–7000 BP) with comments on cultural 
affinities, environments, subsistence, and technological change. Quaternary International, A 
Late Pleistocene/early Holocene archaeological 14C database for Central and South America: 
palaeoenvironmental contexts and demographic  
 
Cox, M.P., 2008. Accuracy of molecular dating with the rho statistic: deviations from 
coalescent expectations under a range of demographic models. Hum Biol 80, 335–357 
 
Crabtree, S., Williams, A., Bradshaw, C., White, D., Saltré, F., Ulm, S., 2021. We mapped the 
‘super-highways’ the First Australians used to cross the ancient land. The Conversation 30 
April 2021. 
 
Crabtree, S.A., White, D.A., Bradshaw, C.J.A., Saltré, F., Williams, A.N., Beaman, R.J., Bird, 
M.I., Ulm, S., 2021. Landscape rules predict optimal superhighways for the first peopling of 
Sahul. Nat Hum Behav 1–11. https://doi.org/10.1038/s41562-021-01106-8 
Crawford, M. H. 2018. Anthropological genetics. In The International Encyclopedia of 
Biological Anthropology (pp. 1–7).  
 
Creanza, N., Ruhlen, M., Pemberton, T. J., Rosenberg, N. A., Feldman, M. W.,      
Ramachandran, S. 2015. A comparison of worldwide phonemic and genetic variation in 
human populations. Proceedings of the National Academy of Sciences, 112(5), 1265.  
 
Crevels, M., Muysken, P., 2020. Language Dispersal, Diversification, and Contact. Oxford 
University Press. 




Currat, M., Quilodrán, C.S., Excoffier, L., 2021. Simulations of Human Dispersal and Genetic 
Diversity, in: Saitou, N. (Ed.), Evolution of the Human Genome II: Human Evolution Viewed 
from Genomes, Evolutionary Studies. Springer Japan, Tokyo, pp. 231–256.  
 
Cutter, A.D., 2019. A Primer of Molecular Population Genetics. Oxford ; New York, NY. 
 
D’Atanasio E, Trombetta B, Bonito M, Finocchio A, Di Vito G, Seghizzi M, Romano R, 
Russo G, Paganotti GM, Watson E, Coppa A, Anagnostou P, Dugoujon J-M, Moral P, Sellitto 
D, Novelletto A, Cruciani F. 2018. The peopling of the last Green Sahara revealed by high-
coverage resequencing of trans-Saharan patrilineages. Genome Biology 19:20. 
 
da Silva Coelho, F.A., Gill, S., Tomlin, C.M., Heaton, T.H., Lindqvist, C., 2021. An early dog 
from southeast Alaska supports a coastal route for the first dog migration into the Americas. 
Proceedings of the Royal Society B: Biological Sciences 288, 20203103.  
 
Dabney, J., Meyer, M., Pääbo, S. 2013. Ancient DNA Damage. Cold Spring Harbor 
Perspectives in Biology, 5(7).  
 
Dadi, H., Lee, S.-H., Jung, K. S., Choi, J. W., Ko, M.-S., Han, Y.-J., Kim, K.-S. 2012. Effect 
of Population Reduction on mtDNA Diversity and Demographic History of Korean Cattle 
Populations. Asian-Australasian Journal of Animal Sciences, 25(9), 1223–1228.  
 
Davis, E.H., 2021. An Account of the Polynesian Race, Abraham Fornander. University of 
Hawaii Press. 
 
Davis, R., Knecht, R., Rogers, J., 2016. The Oxford Handbook of the Prehistoric Arctic. 
Oxford University Press. https://doi.org/10.1093/oxfordhb/9780199766956.001.0001 
de Saint Pierre, M., Bravi, C.M., Motti, J.M.B., Fuku, N., Tanaka, M., Llop, E., Bonatto, S.L., 
Moraga, M., 2012. An Alternative Model for the Early Peopling of Southern South America 
Revealed by Analyses of Three Mitochondrial DNA Haplogroups. PLoS One 7. 
https://doi.org/10.1371/journal.pone.0043486 
 
de Saint Pierre, M., Perego, U.A., Bodner, M., Gómez-Carballa, A., Corach, D., Angerhofer, 
N., Woodward, S.R., Semino, O., Salas, A., Parson, W., Moraga, M., Achilli, A., Torroni, A., 
Olivieri, A., 2012. Arrival of Paleo-Indians to the southern cone of South America: new clues 
from mitogenomes. PLoS One 7, e51311–e51311.  
Deguilloux, M.F., Pemonge, M.H., Mendisco, F., Thibon, D., Cartron, I., Castex, D., 2014. 
Ancient DNA and kinship analysis of human remains deposited in Merovingian necropolis 
sarcophagi (Jau Dignac et Loirac, France, 7th–8th century AD). Journal of Archaeological 
Science 41, 399–405. https://doi.org/10.1016/j.jas.2013.09.006 
 
Dehghanzadeh, H., Ghaderi-Zefrehei, M., Mirhoseini, S.Z., Esmaeilkhaniyan, S., Haruna, 
I.L., Amirpour Najafabadi, H., 2020. A new DNA sequence entropy-based Kullback-Leibler 
algorithm for gene clustering. J Appl Genetics 61, 231–238. https://doi.org/10.1007/s13353-
020-00543-x 
 
Delfin, F., Myles, S., Choi, Y., Hughes, D., Illek, R., van Oven, M., Pakendorf, B., Kayser, 
M., Stoneking, M., 2012. Bridging Near and Remote Oceania: mtDNA and NRY Variation in 
the Solomon Islands. Mol Biol Evol 29, 545–564. https://doi.org/10.1093/molbev/msr186 




Delgado, M., Rodríguez, F., Kassadjikova, K., Fehren-Schmitz, L., 2021. A paleogenetic 
perspective of the Sabana de Bogotá (Northern South America) population history over the 
Holocene (9000–550 cal BP). Quaternary International, Early Neotropical Hunter-Gatherers 
and the Dynamics of the Initial Peopling of Northern South America 578, 73–86. 
https://doi.org/10.1016/j.quaint.2020.08.031 
 
Diamond, J., Bellwood, P. 2003. Farmers and Their Languages: The First Expansions. 
Science, 300(5619), 597–603.  
 
Dillehay TD, Ocampo C, Saavedra J, Sawakuchi AO, Vega RM, Pino M, Collins MB, 
Cummings LS, Arregui I, Villagran XS, Hartmann GA, Mella M, González A, Dix G. 2015. 
New Archaeological Evidence for an Early Human Presence at Monte Verde, Chile. PLOS 
ONE 10:e0141923. 
 
Dillehay, T. 2001. The Settlement of the Americas: A New Prehistory. New York, N.Y.: Basic 
Books. 
 
Dillehay, T. D. 2009. Probing deeper into first American studies. Proceedings of the National 
Academy of Sciences, 106(4), 971–978.  
 
Dillehay, T. D., Ocampo, C., Saavedra, J., Sawakuchi, A. O., Vega, R. M., Pino, M., Dix, G. 
2015. New Archaeological Evidence for an Early Human Presence at Monte Verde, Chile. 
PLOS ONE, 10(11), e0141923.  
 
Dillehay, T. D., Ramírez, C., Pino, M., Collins, M. B., Rossen, J.,      Pino-Navarro, J. D. 
2008. Monte Verde: Seaweed, Food, Medicine, and the Peopling of South America. Science, 
320(5877), 784–786.  
 
Dillehay, T.D., Pino, M., Ocampo, C., 2021. Comments on Archaeological Remains at the 
Monte Verde Site Complex, Chile. PaleoAmerica 7, 8–13.  
 
Dobson, J.E., Spada, G., Galassi, G., 2021. The Bering Transitory Archipelago: stepping 
stones for the first Americans. Comptes Rendus. Géoscience 353, 55–65. 
https://doi.org/10.5802/crgeos.53 
 
Douglas A, Atchison B. 1993. Degradation of DNA during the denaturation step of PCR. PCR 
Methods Appl 3:133–134. 
 
Duggan, A. T., Evans, B., Friedlaender, F. R., Friedlaender, J. S., Koki, G., Merriwether, D. 
A., Stoneking, M. (2014). Maternal History of Oceania from Complete mtDNA Genomes: 
Contrasting Ancient Diversity with Recent Homogenization Due to the Austronesian 
Expansion. The American Journal of Human Genetics, 94(5), 721–733. 
  
Duggan, A.T., Stoneking, M., 2021. Australia and Oceania, in: Saitou, N. (Ed.), Evolution of 
the Human Genome II: Human Evolution Viewed from Genomes, Evolutionary Studies. 
Springer Japan, Tokyo, pp. 191–210. https://doi.org/10.1007/978-4-431-56904-6_10 
Duggan, Ana T., Evans, B., Friedlaender, F.R., Friedlaender, J.S., Koki, G., Merriwether, 
D.A., Kayser, M., Stoneking, M., 2014. Maternal History of Oceania from Complete mtDNA 
Genomes: Contrasting Ancient Diversity with Recent Homogenization Due to the 
Bibliography            
 
162 
Austronesian Expansion. The American Journal of Human Genetics 94, 721–733. 
https://doi.org/10.1016/j.ajhg.2014.03.014 
 
Duhamel, M.-F., 2018. The concept of taboo in Raga, Vanuatu: Semantic mapping and 
etymology. 10.1002/ocea.5288. https://onlinelibrary.wiley.com/doi/10.1002/ocea.5288 
 
Duitama, J., Zablotskaya, A., Gemayel, R., Jansen, A., Belet, S., Vermeesch, J. R., Froyen, G. 
2014. Large-scale analysis of tandem repeat variability in the human genome. Nucleic Acids 
Research, 42(9), 5728–5741.  
 
Duval, M., Grün, R., Parés, J.M., Martín-Francés, L., Campaña, I., Rosell, J., Shao, Q., 
Arsuaga, J.L., Carbonell, E., Bermúdez de Castro, J.M., 2018. The first direct ESR dating of a 
hominin tooth from Atapuerca Gran Dolina TD-6 (Spain) supports the antiquity of Homo 
antecessor. Quaternary Geochronology 47, 120–137. 
https://doi.org/10.1016/j.quageo.2018.05.001 
 
Dyen, I., 2019. The Austronesian Languages and Proto-Austronesian, Linguistics in Oceania. 
De Gruyter Mouton, pp. 5–54. https://doi.org/10.1515/9783111418827-003 
 
Dyke, A. S. 2004. An outline of North American deglaciation with emphasis on central and 
northern Canada. In J. Ehlers P. L. Gibbard (Eds.), Developments in Quaternary Sciences (pp. 
373–424).  
 
Dyke, A. S., Savelle, J. M., Johnson, D. S. 2011. Paleoeskimo Demography and Holocene 
Sea-level History, Gulf of Boothia, Arctic Canada. ARCTIC, 64(2), 151–168.  
 
Eckhoff C, Walsh SJ, Buckleton JS. 2007. Population data from sub-populations of the 
Northern Territory of Australia for 15 autosomal short tandem repeat (STR) loci. Forensic 
Science International 171:237–249. 
 
Eduardoff, M., Xavier, C., Strobl, C., Casas-Vargas, A., Parson, W., 2017. Optimized mtDNA 
Control Region Primer Extension Capture Analysis for Forensically Relevant Samples and 
Highly Compromised mtDNA of Different Age and Origin. Genes 8, 237. 
https://doi.org/10.3390/genes8100237 
 
Eeckhout, P., Owens, L. S. 2015. Funerary Practices and Models in the Ancient Andes. 
Cambridge University Press. 
 
Ehler, E., Novotný, J., Juras, A., Chyleński, M., Moravčík, O., Pačes, J. 2019. AmtDB: a 
database of ancient human mitochondrial genomes. Nucleic Acids Research, 47(D1), D29–
D32. 
 
Ehrmann W, Schmiedl G, Beuscher S, Krüger S. 2017. Intensity of African Humid Periods 
Estimated from Saharan Dust Fluxes. PLoS One 
 
Eker, C., Celik, H.G., Balci, B.K., Gunel, T., 2019. Investigation of human paternal 
mitochondrial DNA transmission in ART babies whose fathers with male infertility. European 
Journal of Obstetrics & Gynecology and Reproductive Biology 236, 183–192. 
https://doi.org/10.1016/j.ejogrb.2019.02.011 
 
Bibliography            
 
163 
Enari, D., Lemusuifeauaali’i, E., 2021. Ancient Structures of West Moana: Observing the 
Tombs, Mounds and Forts. Te Kaharoa 17.  
 
Erlandson, J. M., Braje, T. J., Gill, K. M., Graham, M. H. 2015. Ecology of the Kelp 
Highway: Did Marine Resources Facilitate Human Dispersal From Northeast Asia to the 
Americas? The Journal of Island and Coastal Archaeology, 10(3), 392–411.  
 
Esser K-H, Marx WH, Lisowsky T. 2006. maxXbond: first regeneration system for DNA 
binding silica matrices. Nat Methods 3:i–ii. 
 
Estes, R., 2013. Native American Mitochondrial Haplogroups [WWW Document]. 
DNAeXplained - Genetic Genealogy. URL https://dna-explained.com/2013/09/18/native-
american-mitochondrial-haplogroups/ (accessed 5.5.21). 
 
Evanno G, Regnaut S, Goudet J. 2005. Detecting the number of clusters of individuals using 
the software structure: a simulation study. Molecular Ecology 14:2611–2620. 
 
Evans, A. M., Flatman, J. C., Flemming, N. C. 2014. Prehistoric Archaeology on the 
Continental Shelf: A Global Review. Springer. 
 
Excoffier L, Lischer HEL. 2010. Arlequin suite ver 3.5: a new series of programs to perform 
population genetics analyses under Linux and Windows. Mol Ecol Resour 10:564–567. 
 
Fagan, B.M., 2019. Ancient North America: The Archaeology of a Continent. New York, New 
York. 
 
Fagny, M., Austerlitz, F., 2021. Polygenic Adaptation: Integrating Population Genetics and 
Gene Regulatory Networks. Trends in Genetics 37, 631–638.  
 
Fagundes, N. J. R., Kanitz, R., Bonatto, S. L. 2008. A Reevaluation of the Native American 
MtDNA Genome Diversity and Its Bearing on the Models of Early Colonization of Beringia. 
PLOS ONE, 3(9), e3157.  
 
Fagundes, N. J. R., Tagliani-Ribeiro, A., Rubicz, R., Tarskaia, L., Crawford, M. H., Salzano, 
F. M., Bonatto, S. L. 2018. How strong was the bottleneck associated to the peopling of the 
Americas? New insights from multilocus sequence data. Genetics and Molecular Biology, 
41(1 Suppl 1), 206–214.  
 
Fagundes, N.J.R., Kanitz, R., Eckert, R., Valls, A.C.S., Bogo, M.R., Salzano, F.M., Smith, 
D.G., Silva, W.A., Zago, M.A., Ribeiro-dos-Santos, A.K., Santos, S.E.B., Petzl-Erler, M.L., 
Bonatto, S.L., 2008. Mitochondrial Population Genomics Supports a Single Pre-Clovis Origin 
with a Coastal Route for the Peopling of the Americas. Am J Hum Genet 82, 583–592. 
https://doi.org/10.1016/j.ajhg.2007.11.013 
 
Fehren-Schmitz L, Jarman CL, Harkins KM, Kayser M, Popp BN, Skoglund P. 2017. Genetic 
Ancestry of Rapanui before and after European Contact. Current Biology 27:3209-3215.e6. 
 
Fehren-Schmitz L, Warnberg O, Reindel M, Seidenberg V, Tomasto-Cagigao E, Isla-
Cuadrado J, Hummel S, Herrmann B. 2011. Diachronic investigations of mitochondrial and 
Bibliography            
 
164 
Y-chromosomal genetic markers in pre-Columbian Andean highlanders from South Peru. Ann 
Hum Genet 75:266–283. 
 
Fehren-Schmitz, L. 2008. Molekularanthropologische Untersuchungen zur präkolumbischen 
Besiedlungsgeschichte des südlichen Perus am Beispiel der Palpa-Region. Retrieved from 
https://ediss.uni-goettingen.de/handle/11858/00-1735-0000-0006-AD06-F 
 
Fehren-Schmitz, L., Haak, W., Mächtle, B., Masch, F., Llamas, B., Cagigao, E.T., Sossna, V., 
Schittek, K., Cuadrado, J.I., Eitel, B., Reindel, M., 2014. Climate change underlies global 
demographic, genetic, and cultural transitions in pre-Columbian southern Peru. PNAS 111, 
9443–9448. https://doi.org/10.1073/pnas.1403466111 
 
Fehren-Schmitz, L., Jarman, C. L., Harkins, K. M., Kayser, M., Popp, B. N., Skoglund, P. 
2017. Genetic Ancestry of Rapanui before and after European Contact. Current Biology, 
27(20), 3209-3215.e6. 
 
Fehren-Schmitz, L., Llamas, B., Lindauer, S., Tomasto-Cagigao, E., Kuzminsky, S., Rohland, 
N., Santos, F.R., Kaulicke, P., Valverde, G., Richards, S.M., Nordenfelt, S., Seidenberg, V., 
Mallick, S., Cooper, A., Reich, D., Haak, W., 2015. A Re-Appraisal of the Early Andean 
Human Remains from Lauricocha in Peru. PLOS ONE 10, e0127141. 
https://doi.org/10.1371/journal.pone.0127141 
 
Fehren‐Schmitz L, Reindel M, Cagigao ET, Hummel S, Herrmann B. 2010. Pre-Columbian 
population dynamics in coastal southern Peru: A diachronic investigation of mtDNA patterns 
in the Palpa region by ancient DNA analysis. American Journal of Physical Anthropology 
141:208–221. 
 
Felsenstein J. 2003. Inferring Phylogenies. Edición: 2. Sunderland, Mass: Sinauer Associates 
is an imprint of Oxford University Press. 
Fenner, J. N. 2005. Cross-cultural estimation of the human generation interval for use in 
genetics-based population divergence studies. American Journal of Physical Anthropology, 
128(2), 415–423.  
 
Fernández Domínguez, E. 2005. Polimorfismos de DNA mitocondrial en poblaciones 
antiguas de la cuenca mediterránea. (Ph.D. Thesis, Universitat de Barcelona). Retrieved 
from http://www.tdx.cat/handle/10803/795 
 
Ferrari, G., Cuevas, A., Gondek-Wyrozemska, A.T., Ballantyne, R., Kersten, O., Pálsdóttir, 
A.H., van der Jagt, I., Hufthammer, A.K., Ystgaard, I., Wickler, S., Bigelow, G.F., Harland, J., 
Nicholson, R., Orton, D., Clavel, B., Boessenkool, S., Barrett, J.H., Star, B., 2021. The 
preservation of ancient DNA in archaeological fish bone. Journal of Archaeological Science 
126, 105317. https://doi.org/10.1016/j.jas.2020.105317 
 
Feuerborn, T.R., Palkopoulou, E., van der Valk, T., von Seth, J., Munters, A.R., Pečnerová, P., 
Dehasque, M., Ureña, I., Ersmark, E., Lagerholm, V.K., Krzewińska, M., Rodríguez-Varela, 
R., Götherström, A., Dalén, L., Díez-del-Molino, D., 2020. Competitive mapping allows for 
the identification and exclusion of human DNA contamination in ancient faunal genomic 
datasets. BMC Genomics 21, 844.  
 
Bibliography            
 
165 
Floros, V.I., Pyle, A., Dietmann, S., Wei, W., Tang, W.C.W., Irie, N., Payne, B., Capalbo, A., 
Noli, L., Coxhead, J., Hudson, G., Crosier, M., Strahl, H., Khalaf, Y., Saitou, M., Ilic, D., 
Surani, M.A., Chinnery, P.F., 2018. Segregation of mitochondrial DNA heteroplasmy through 
a developmental genetic bottleneck in human embryos. Nat Cell Biol 20, 144–151. 
https://doi.org/10.1038/s41556-017-0017-8 
 
Flux A, Mazanec J, Strommenger B, Hummel S. 2017. Staphylococcus aureus Sequences 
from Osteomyelitic Specimens of a Pathological Bone Collection from Pre-Antibiotic Times. 
Diversity 9:43. 
 
Forster, P., Forster, M., 2020. Network 10.2.0.0. Fluxus Technology Ltd. 
 
Forster, P., Kayser, M., Meyer, E., Roewer, L., Pfeiffer, H., Benkmann, H., Brinkmann, B., 
1998. Phylogenetic resolution of complex mutational features at Y-STR DYS390 in 
aboriginal Australians and Papuans. Mol Biol Evol 15, 1108–1114. 
https://doi.org/10.1093/oxfordjournals.molbev.a026018 
 
Friedlaender, J., Schurr, T., Gentz, F., Koki, G., Friedlaender, F., Horvat, G., Babb, P., 
Cerchio, S., Kaestle, F., Schanfield, M., Deka, R., Yanagihara, R., Merriwether, D.A., 2005. 
Expanding Southwest Pacific Mitochondrial Haplogroups P and Q. Molecular Biology and 
Evolution 22, 1506–1517. https://doi.org/10.1093/molbev/msi142 
 
Friedlaender, J.S., Friedlaender, F.R., Hodgson, J.A., Stoltz, M., Koki, G., Horvat, G., 
Zhadanov, S., Schurr, T.G., Merriwether, D.A., 2007. Melanesian mtDNA Complexity. PLOS 
ONE 2, e248. https://doi.org/10.1371/journal.pone.0000248 
 
Fu, Q., Mittnik, A., Johnson, P. L. F., Bos, K., Lari, M., Bollongino, R., Krause, J. 2013. A 
Revised Timescale for Human Evolution Based on Ancient Mitochondrial Genomes. Current 
Biology, 23(7), 553–559.  
Fu, Q., Posth, C., Hajdinjak, M., Petr, M., Mallick, S., Fernandes, D., Reich, D. 2016. The 
genetic history of Ice Age Europe. Nature, 534(7606), 200–205. 
 
Fu, Y. X. 1997. Statistical tests of neutrality of mutations against population growth, 
hitchhiking and background selection. Genetics, 147(2), 915–925. 
 
Fuchs Castillo, E.J., 2019. Notas para el curso Genética de Poblaciones_SP-0937. 
https://sites.google.com/site/genpobucr/archivos-del-curso 
 
Fuentes, R., Ono, R., Aziz, N., Sriwigati, Alamsyah, N., Sofian, H.O., Miranda, T., Faiz, 
Pawlik, A., 2021. Inferring human activities from the Late Pleistocene to Holocene in 
Topogaro 2, Central Sulawesi through use-wear analysis. Journal of Archaeological Science: 
Reports 37, 102905. https://doi.org/10.1016/j.jasrep.2021.102905 
 
Gaggiotti OE, Excoffier L. 2000. A Simple Method of Removing the Effect of a Bottleneck 
and Unequal Population Sizes on Pairwise Genetic Distances. Proceedings: Biological 
Sciences 267:81–87. 
 
Galtier N, Gouy M, Gautier C. 1996. SEAVIEW and PHYLO_WIN: two graphic tools for 
sequence alignment and molecular phylogeny. Comput Appl Biosci 12:543–548. 
 
Bibliography            
 
166 
García, A., Nores, R., Motti, J.M.B., Pauro, M., Luisi, P., Bravi, C.M., Fabra, M., Gosling, 
A.L., Kardailsky, O., Boocock, J., Solé-Morata, N., Matisoo-Smith, E.A., Comas, D., 
Demarchi, D.A., 2021. Ancient and modern mitogenomes from Central Argentina: new 
insights into population continuity, temporal depth and migration in South America. Human 
Molecular Genetics 30, 1200–1217.  
 
Garcia, E., Wright, D., Gatins, R., Roberts, M.B., Pinheiro, H.T., Salas, E., Chen, J.-Y., 
Winnikoff, J.R., Bernardi, G., 2021. Haplotype network branch diversity, a new metric 
combining genetic and topological diversity to compare the complexity of haplotype 
networks. PLoS One 16, e0251878.  
 
Garnier, J., Lafontaine, P., 2021. Dispersal and Good Habitat Quality Promote Neutral 
Genetic Diversity in Metapopulations. Bull Math Biol 83, 20.  
 
Gascuel O. 1997. BIONJ: an improved version of the NJ algorithm based on a simple model 
of sequence data. Mol Biol Evol 14:685–695. 
 
Gates, A.J., Gysi, D.M., Kellis, M., Barabási, A.-L., 2021. A wealth of discovery built on the 
Human Genome Project — by the numbers. Nature 590, 212–215. 
https://doi.org/10.1038/d41586-021-00314-6 
 
Geer, A.A.E. van der, 2020. Size matters: micro-evolution in Polynesian rats highlights body 
size changes as initial stage in evolution. PeerJ 8, e9076. https://doi.org/10.7717/peerj.9076 
 
Gilbert, M. T. P., Kivisild, T., Grønnow, B., Andersen, P. K., Metspalu, E., Reidla, M., 
Willerslev, E. 2008. Paleo-Eskimo mtDNA genome reveals matrilineal discontinuity in 
Greenland. Science (New York, N.Y.), 320(5884), 1787–1789. 
 
Gill-Frerking, H., 2017. Mummification, in: The Routledge Companion to Death and Dying. 
Routledge. 
 
Gnecchi-Ruscone, G. A., Sarno, S., De Fanti, S., Gianvincenzo, L., Giuliani, C., Boattini, A., 
Pettener, D. 2019. Dissecting the Pre-Columbian Genomic Ancestry of Native Americans 
along the Andes–Amazonia Divide. Molecular Biology and Evolution, 36(6), 1254–1269.  
 
Goebel, T., Waters, M. R., O’Rourke, D. H. 2008. The Late Pleistocene Dispersal of Modern 
Humans in the Americas. Science, 319(5869), 1497–1502.  
 
Gojobori, J., 2021. Mitochondrial DNA, in: Saitou, N. (Ed.), Evolution of the Human 
Genome II: Human Evolution Viewed from Genomes, Evolutionary Studies. Springer Japan, 
Tokyo, pp. 103–120. https://doi.org/10.1007/978-4-431-56904-6_4 
 
Golson, J., Denham, T., Hughes, P., Swadling, P., Muke, J., 2017. Ten Thousand Years of 
Cultivation at Kuk Swamp in the Highlands of Papua New Guinea. 
 
Gomes, S.M., Bodner, M., Souto, L., Zimmermann, B., Huber, G., Strobl, C., Röck, A.W., 
Achilli, A., Olivieri, A., Torroni, A., Côrte-Real, F., Parson, W., 2015. Human settlement 
history between Sunda and Sahul: a focus on East Timor (Timor-Leste) and the Pleistocenic 
mtDNA diversity. BMC Genomics 16, 70. https://doi.org/10.1186/s12864-014-1201-x 
 
Bibliography            
 
167 
Gómez-Carballa, A., Pardo-Seco, J., Brandini, S., Achilli, A., Perego, U.A., Coble, M.D., 
Diegoli, T.M., Álvarez-Iglesias, V., Martinón-Torres, F., Olivieri, A., Torroni, A., Salas, A., 
2018. The peopling of South America and the trans-Andean gene flow of the first settlers. 
Genome Res 28, 767–779. https://doi.org/10.1101/gr.234674.118 
 
Gómez, R., Vilar, M.G., Meraz-Ríos, M.A., Véliz, D., Zúñiga, G., Hernández-Tobías, E.A., 
Figueroa-Corona, M. del P., Owings, A.C., Gaieski, J.B., Schurr, T.G., 2021. Y chromosome 
diversity in Aztlan descendants and its implications for the history of Central Mexico. 
iScience 24, 102487. https://doi.org/10.1016/j.isci.2021.102487 
 
Gosling, A.L., Lord, E., Boocock, J., Cameron-Christie, S., Horsburgh, K.A., Kardailsky, O., 
Prost, S., Wilcox, S., Addison, D., Thompson, A., Kalolo, J., Clarke, A.C., Consortium, T.G., 
Matisoo-Smith, E.A., 2021. A population history of Tokelau – genetic variation and change in 
atoll populations. The Journal of Island and Coastal Archaeology 0, 1–18. 
https://doi.org/10.1080/15564894.2021.1901805 
 
Gosling, A.L., Matisoo-Smith, E.A., 2018. The evolutionary history and human settlement of 
Australia and the Pacific. Current Opinion in Genetics & Development, Genetics of Human 
Origins 53, 53–59. https://doi.org/10.1016/j.gde.2018.06.015 
 
Grant, W. S. 2015. Problems and Cautions with Sequence Mismatch Analysis and Bayesian 
Skyline Plots to Infer Historical Demography. The Journal of Heredity, 106(4), 333–346.  
 
Grass, R. N., Heckel, R., Puddu, M., Paunescu, D., Stark, W. J. 2015. Robust Chemical 
Preservation of Digital Information on DNA in Silica with Error-Correcting Codes. 
Angewandte Chemie International Edition, 54(8), 2552–2555.  
 
Gray, R. D., Drummond, A. J., Greenhill, S. J. 2009. Language Phylogenies Reveal 
Expansion Pulses and Pauses in Pacific Settlement. Science, 323(5913), 479–483.  
 
Gray, R.M., 2011. Entropy and Information Theory. Springer Science & Business Media. 
Green, R. E., Krause, J., Briggs, A. W., Maricic, T., Stenzel, U., Kircher, M., Pääbo, S. 2010. 
A Draft Sequence of the Neandertal Genome. Science, 328(5979), 710–722.  
 
Greenberg, J. H., Ruhlen, M. 2007. An Amerind etymological dictionary. Stanford: Stanford 
University Press. 
 
Greenberg, Joseph H. 1987. Language in the Americas (Edición: 1). Stanford, Calif: Stanford 
University Press. 
 
Greenberg, Joseph H., Ruhlen, M. 2007. An amerind etymological dictionary. Stanford 
University.  
 
Greenberg, Joseph H., Turner, C. G., Zegura, S. L., Campbell, L., Fox, J. A., Laughlin, W. S., 
Woolford, E. 1986. The Settlement of the Americas: A Comparison of the Linguistic, Dental, 
and Genetic Evidence [and Comments and Reply]. Current Anthropology, 27(5), 477–497. 
 
Grice, M., Kügler, F., 2021. Prosodic Prominence – A Cross-Linguistic Perspective. Lang 
Speech 64, 253–260. https://doi.org/10.1177/00238309211015768 
 
Bibliography            
 
168 
Gross, M., 2018. Ancient genomes of the Americas. Current Biology 28, R1365–R1368. 
https://doi.org/10.1016/j.cub.2018.11.067 
 
Groucutt, H.S., Grün, R., Zalmout, I.A.S., Drake, N.A., Armitage, S.J., Candy, I., Clark-
Wilson, R., Louys, J., Breeze, P.S., Duval, M., Buck, L.T., Kivell, T.L., Pomeroy, E., 
Stephens, N.B., Stock, J.T., Stewart, M., Price, G.J., Kinsley, L., Sung, W.W., Alsharekh, A., 
Al-Omari, A., Zahir, M., Memesh, A.M., Abdulshakoor, A.J., Al-Masari, A.M., Bahameem, 
A.A., Al Murayyi, K.M.S., Zahrani, B., Scerri, E.L.M., Petraglia, M.D., 2018. Homo sapiens 
in Arabia by 85,000 years ago. Nat Ecol Evol 2, 800–809. https://doi.org/10.1038/s41559-
018-0518-2 
 
Gruhn, R., 2020a. Evidence grows that peopling of the Americas began more than 20,000 
years ago. Nature 584, 47–48. https://doi.org/10.1038/d41586-020-02137-3 
 
Gruhn, R., 2020b. Evidence grows that peopling of the Americas began more than 20,000 
years ago. Nature. https://doi.org/10.1038/d41586-020-02137-3 
 
Gulcher, J. 2012. Microsatellite Markers for Linkage and Association Studies. Cold Spring 
Harbor Protocols, 2012(4). 
 
Gutenkunst, R. N., Hernandez, R. D., Williamson, S. H., Bustamante, C. D. 2009. Inferring 
the Joint Demographic History of Multiple Populations from Multidimensional SNP 
Frequency Data. PLoS Genetics, 5(10). 
 
 
Haber, M., Jones, A.L., Connell, B.A., Asan, Arciero, E., Yang, H., Thomas, M.G., Xue, Y., 
Tyler-Smith, C., 2019. A Rare Deep-Rooting D0 African Y-Chromosomal Haplogroup and Its 
Implications for the Expansion of Modern Humans Out of Africa. Genetics 212, 1421–1428. 
https://doi.org/10.1534/genetics.119.302368 
 
Hage, P., Marck, J. 2003. Matrilineality and the Melanesian Origin of Polynesian Y 
Chromosomes. Current Anthropology, 44(S5), S121–S127.  
 
Hahn, M.W., 2018. Molecular Population Genetics. New York: Sunderland, MA. 
 
Hall T. 1999. BioEdit 7.0.5. Available from: http://www.mbio.ncsu.edu/BioEdit/bioedit.html 
 
Hall T. 2001. Help file for BioEdit version 5.0.6. Available from: 
http://www.mbio.ncsu.edu/BioEdit/bioedit.html 
 
Hamilton M. 2009. Population Genetics. Edición: 1. Chichester, UK ; Hoboken, NJ: Wiley-
Blackwell. 
 
Hamilton-Brehm, S.D., Hristova, L.T., Edwards, S.R., Wedding, J.R., Snow, M., Kruger, 
B.R., Moser, D.P., 2018. Ancient human mitochondrial DNA and radiocarbon analysis of 
archived quids from the Mule Spring Rockshelter, Nevada, USA. PLoS One 13. 
https://doi.org/10.1371/journal.pone.0194223 
 
Harff, J., Bailey, G., Luth, F.A.K., 2016. Geology and Archaeology: Submerged Landscapes 
of the Continental Shelf. London. 




Harpending, H. C. 1994. Signature of Ancient Population Growth in a Low-Resolution 
Mitochondrial DNA Mismatch Distribution. Human Biology, 66(4), 591–600. 
 
Harris A.M., DeGiorgio M. 2017. An Unbiased Estimator of Gene Diversity with Improved 
Variance for Samples Containing Related and Inbred Individuals of any Ploidy. G3: Genes, 
Genomes, Genetics 7:671–691. 
 
Hartl D.L., Clark AG. 2007. Principles of Population Genetics. 4th ed. 2007 edition. 
Sunderland, Mass: Sinauer. 
 
Hartl, D.L., 2020. A Primer of Population Genetics and Genomics. Oxford, United Kingdom. 
 
Harvati, K., Röding, C., Bosman, A.M., Karakostis, F.A., Grün, R., Stringer, C., Karkanas, P., 
Thompson, N.C., Koutoulidis, V., Moulopoulos, L.A., Gorgoulis, V.G., Kouloukoussa, M., 
2019. Apidima Cave fossils provide earliest evidence of Homo sapiens in Eurasia. Nature 
571, 500–504. https://doi.org/10.1038/s41586-019-1376-z 
 
Hasegawa M, Di Rienzo A, Kocher TD, Wilson AC. 1993. Toward a more accurate time scale 
for the human mitochondrial DNA tree. J Mol Evol 37:347–354. 
 
Hasegawa, M., Horai, S., 1991. Time of the deepest root for polymorphism in human 
mitochondrial DNA. J Mol Evol 32, 37–42. https://doi.org/10.1007/BF02099927 
 
Hashemi, S.M., 2020. Book Review: The Paleolithic Settlement of Asia. Critical Studies in 
Texts & Programs of Human Sciences 20, 389–414. https://doi.org/10.30465/crtls.2020.5497 
 
Hawass, Z., Gad, Y. Z., Ismail, S., Khairat, R., Fathalla, D., Hasan, N., Pusch, C. M. 2010. 
Ancestry and pathology in King Tutankhamun’s family. JAMA, 303(7), 638–647.  
 
Hawass, Z., Gad, Y.Z., Ismail, S., Khairat, R., Fathalla, D., Hasan, N., Ahmed, A., Elleithy, 
H., Ball, M., Gaballah, F., Wasef, S., Fateen, M., Amer, H., Gostner, P., Selim, A., Zink, A., 
Pusch, C.M., 2010. Ancestry and Pathology in King Tutankhamun’s Family. JAMA 303, 638–
647. https://doi.org/10.1001/jama.2010.121 
 
Hayden, B. 2002. Canadian Journal of Archaeology / Journal Canadien d’Archéologie, 
26(2), 240–242. 
 
Hedrick, P. W. 2014. Genetics of Populations: (4th (fourth) Edition). Jones & Bartlett 
Learning. 
 
Hedrick, P.W., 2014. Genetics of Populations, 4th (fourth) Edition. ed. Jones & Bartlett 
Learning. 
 
Heintzman PD, Froese D, Ives JW, Soares AER, Zazula GD, Letts B, Andrews TD, Driver JC, 
Hall E, Hare PG, Jass CN, MacKay G, Southon JR, Stiller M, Woywitka R, Suchard MA, 
Shapiro B. 2016. Bison phylogeography constrains dispersal and viability of the Ice-Free 
Corridor in western Canada. PNAS 113:8057–8063. 
 
Bibliography            
 
170 
Henn, B. M., Cavalli-Sforza, L. L., Feldman, M. W. 2012. The great human expansion. 
Proceedings of the National Academy of Sciences, 109(44), 17758–17764.  
 
Henn, B.M., Gignoux, C.R., Feldman, M.W., Mountain, J.L., 2009. Characterizing the time 
dependency of human mitochondrial DNA mutation rate estimates. Mol. Biol. Evol. 26, 217–
230. https://doi.org/10.1093/molbev/msn244 
 
Henze, K., Martin, W. 2003. Essence of mitochondria. Nature, 426(6963), 127–128. 
  
Herries, A.I.R., Martin, J.M., Leece, A.B., Adams, J.W., Boschian, G., Joannes-Boyau, R., 
Edwards, T.R., Mallett, T., Massey, J., Murszewski, A., Neubauer, S., Pickering, R., Strait, 
D.S., Armstrong, B.J., Baker, S., Caruana, M.V., Denham, T., Hellstrom, J., Moggi-Cecchi, J., 
Mokobane, S., Penzo-Kajewski, P., Rovinsky, D.S., Schwartz, G.T., Stammers, R.C., Wilson, 
C., Woodhead, J., Menter, C., 2020. Contemporaneity of Australopithecus, Paranthropus, and 
early Homo erectus in South Africa. Science 368. https://doi.org/10.1126/science.aaw7293 
 
Herrmann B, Hummel S eds. 1994. Ancient DNA: Recovery and Analysis of Genetic 
Material from Paleontological, Archaeological, Museum, Medical, and Forensic Specimens. 
New York: Springer-Verlag.  
 
Hershkovitz, I., Weber, G.W., Quam, R., Duval, M., Grün, R., Kinsley, L., Ayalon, A., Bar-
Matthews, M., Valladas, H., Mercier, N., Arsuaga, J.L., Martinón-Torres, M., Castro, J.M.B. 
de, Fornai, C., Martín-Francés, L., Sarig, R., May, H., Krenn, V.A., Slon, V., Rodríguez, L., 
García, R., Lorenzo, C., Carretero, J.M., Frumkin, A., Shahack-Gross, R., Mayer, D.E.B.-Y., 
Cui, Y., Wu, X., Peled, N., Groman-Yaroslavski, I., Weissbrod, L., Yeshurun, R., Tsatskin, A., 
Zaidner, Y., Weinstein-Evron, M., 2018. The earliest modern humans outside Africa. Science 
359, 456–459. https://doi.org/10.1126/science.aap8369 
 
Heupink TH, Subramanian S, Wright JL, Endicott P, Westaway MC, Huynen L, Parson W, 
Millar CD, Willerslev E, Lambert DM. 2016. Ancient mtDNA sequences from the First 
Australians revisited. PNAS 113:6892–6897. 
 
Hey, J. 2005. On the Number of New World Founders: A Population Genetic Portrait of the 
Peopling of the Americas. PLOS Biology, 3(6), e193. 
  
Hill CR, Duewer DL, Kline MC, Coble MD, Butler JM. 2013. U.S. population data for 29 
autosomal STR loci. Forensic Science International: Genetics 7:e82–e83. 
 
Hockett, C. F. 1976. The Reconstruction of Proto Central Pacific. Anthropological 
Linguistics, 18(5), 187–235. 
 
Hoffecker, J. F., Elias, S. A., O’Rourke, D. H., Bigelow, N. H. 2016. Beringia and the global 
dispersal of modern humans – Hoffecker – 2016 – Evolutionary Anthropology: Issues, News, 
and Reviews – Wiley Online Library. 
 
Hoffecker, J., Raff, J., O’Rourke, D., Tackney, J., Potapova, O., Elias, S., Hlusko, L., Scott, 
G., 2021. Human Paleo-Genomics and Beringian Landscapes. 
 
Holsinger, K. E., Weir, B. S. (2009). Genetics in geographically structured populations: 
defining, estimating and interpreting FST. Nature Reviews. Genetics, 10(9), 639–650.  




Holsinger, K. E., Weir, B. S. 2009. Genetics in geographically structured populations: 
defining, estimating and interpreting FST. Nature Reviews. Genetics, 10(9), 639–650.  
 
Hope, G., 2014. The Sensitivity of the High Mountain Ecosystems of New Guinea to 
Climatic Change and Anthropogenic Impact. Arctic, Antarctic, and Alpine Research 46, 777–
786. https://doi.org/10.1657/1938-4246-46.4.777 
 
Hopkin, M., 2008. Fossil find is oldest European yet. Nature. 
https://doi.org/10.1038/news.2008.691 
 
Horsburgh, K. A., McCoy, M. D. 2017. Dispersal, Isolation, and Interaction in the Islands of 
Polynesia: A Critical Review of Archaeological and Genetic Evidence. Diversity, 9(3), 37.  
Horsburgh, K.A., McCoy, M.D., 2017. Dispersal, Isolation, and Interaction in the Islands of 
Polynesia: A Critical Review of Archaeological and Genetic Evidence. Diversity 9, 37. 
https://doi.org/10.3390/d9030037 
 
Huang, Y.-Z., Pamjav, H., Flegontov, P., Stenzl, V., Wen, S.-Q., Tong, X.-Z., Wang, C.-C., 
Wang, L.-X., Wei, L.-H., Gao, J.-Y., Jin, L., Li, H., 2018. Dispersals of the Siberian Y-
chromosome haplogroup Q in Eurasia. Mol Genet Genomics 293, 107–117. 
https://doi.org/10.1007/s00438-017-1363-8 
 
Hublin, J.-J., 2021. How old are the oldest Homo sapiens in Far East Asia? PNAS 118. 
https://doi.org/10.1073/pnas.2101173118 
 
Hudjashov, G., Endicott, P., Post, H., Nagle, N., Ho, S.Y.W., Lawson, D.J., Reidla, M., 
Karmin, M., Rootsi, S., Metspalu, E., Saag, L., Villems, R., Cox, M.P., Mitchell, R.J., Garcia-
Bertrand, R.L., Metspalu, M., Herrera, R.J., 2018. Investigating the origins of eastern 
Polynesians using genome-wide data from the Leeward Society Isles. Sci Rep 8, 1823. 
https://doi.org/10.1038/s41598-018-20026-8 
 
Hudjashov, G., Kivisild, T., Underhill, P.A., Endicott, P., Sanchez, J.J., Lin, A.A., Shen, P., 
Oefner, P., Renfrew, C., Villems, R., Forster, P., 2007. Revealing the prehistoric settlement of 
Australia by Y chromosome and mtDNA analysis. PNAS 104, 8726–8730. 
https://doi.org/10.1073/pnas.0702928104 
 
Hummel S. 2003. Ancient DNA Typing. Berlin, Heidelberg: Springer Berlin Heidelberg. 
  
Huson, D.H., 2010. Phylogenetic Networks: Concepts, Algorithms and Applications. 
Cambridge, UK ; New York. 
 
Ingman M, Gyllensten U. 2003. Mitochondrial Genome Variation and Evolutionary History 
of Australian and New Guinean Aborigines. Genome Res 13:1600–1606. 
 
International Commission on Stratigraphy. 2019. International Commission on Stratigraphy. 
Retrieved October 15, 2019, from International Commission on Stratigraphy website: 
http://www.stratigraphy.org/ 
 
International Human Genome Sequencing Consortium. 2004. International Human Genome 
Sequencing Consortium- Describes Finished Human Genome Sequence. Retrieved November 
Bibliography            
 
172 
3, 2019, from Genome.gov website: https://www.genome.gov/12513430/2004-release-ihgsc-
describes-finished-human-sequence 
 
Ioannidis, A.G., Blanco-Portillo, J., Sandoval, K., Hagelberg, E., Miquel-Poblete, J.F., 
Moreno-Mayar, J.V., Rodríguez-Rodríguez, J.E., Quinto-Cortés, C.D., Auckland, K., Parks, 
T., Robson, K., Hill, A.V.S., Avila-Arcos, M.C., Sockell, A., Homburger, J.R., Wojcik, G.L., 
Barnes, K.C., Herrera, L., Berríos, S., Acuña, M., Llop, E., Eng, C., Huntsman, S., Burchard, 
E.G., Gignoux, C.R., Cifuentes, L., Verdugo, R.A., Moraga, M., Mentzer, A.J., Bustamante, 
C.D., Moreno-Estrada, A., 2020. Native American gene flow into Polynesia predating Easter 
Island settlement. Nature 583, 572–577. https://doi.org/10.1038/s41586-020-2487-2 
 
Issiki, M., Naka, I., Kimura, R., Furusawa, T., Natsuhara, K., Yamauchi, T., Nakazawa, M., 
Ishida, T., Ohtsuka, R., Ohashi, J., 2018. Mitochondrial DNA variations in Austronesian-
speaking populations living in the New Georgia Islands, the Western Province of the Solomon 
Islands. Journal of Human Genetics 63, 101–104. https://doi.org/10.1038/s10038-017-0372-0 
 
Jackson, D., Méndez, C., Aspillaga, E., 2012. Human Remains Directly Dated to the 
Pleistocene- Holocene Transition Support a Marine Diet for Early Settlers of the Pacific Coast 
of Chile. The Journal of Island and Coastal Archaeology 7, 363–377. 
https://doi.org/10.1080/15564894.2012.708009 
 
Janda, R.D., Joseph, B.D., Vance, B.S., 2020. The Handbook of Historical Linguistics, 
Volume II. John Wiley & Sons. 
 
Janic, K., Witzlack-Makarevich, A., 2021. Antipassive: Typology, diachrony, and related 
constructions. John Benjamins Publishing Company. 
 
Jiao, T., 2021. Archaeology of Southeast China and the Search for an Austronesian 
Homeland. Social Sciences in China 42, 161–170. 
https://doi.org/10.1080/02529203.2021.1895522 
 
Jinam, T. A., Kanzawa-Kiriyama, H., Inoue, I., Tokunaga, K., Omoto, K., Saitou, N. 2015. 
Unique characteristics of the Ainu population in Northern Japan. Journal of Human Genetics, 
60(10), 565–571.  
 
Jinam, T.A., Kawai, Y., Saitou, N., 2021. Modern human DNA analyses with special 
reference to the inner dual-structure model of Yaponesian. Anthropological Science 129, 3–
11. https://doi.org/10.1537/ase.201217 
 
Jinam, T.A., Phipps, M.E., Aghakhanian, F., Majumder, P.P., Datar, F., Stoneking, M., Sawai, 
H., Nishida, N., Tokunaga, K., Kawamura, S., Omoto, K., Saitou, N., 2017. Discerning the 
Origins of the Negritos, First Sundaland People: Deep Divergence and Archaic Admixture. 
Genome Biol Evol 9, 2013–2022. https://doi.org/10.1093/gbe/evx118 
 
Jobling M, Hollox E, Kivisild T, Tyler-Smith C. 2013. Human Evolutionary Genetics. 
Edición: 2. New York: Garland Science. 
 
Juras, A., Chyleński, M., Krenz-Niedbała, M., Malmström, H., Ehler, E., Pospieszny, Ł., 
Dabert, M. 2017. Investigating kinship of Neolithic post-LBK human remains from Krusza 
Zamkowa, Poland using ancient DNA. Forensic Science International. Genetics, 26, 30–39.  




Kainz P. 2000. The PCR plateau phase – towards an understanding of its limitations. 
Biochimica et Biophysica Acta (BBA) - Gene Structure and Expression 1494:23–27. 
 
Kalinowski, S.T., 2004. Counting Alleles with Rarefaction: Private Alleles and Hierarchical 
Sampling Designs. Conservation Genetics 5, 539–543.  
 
Kawai, T., Rogers, D.C., 2021. Recent Advances in Freshwater Crustacean Biodiversity and 
Conservation. CRC Press. 
 
Kayser, M. 2010. The Human Genetic History of Oceania: Near and Remote Views of 
Dispersal. Current Biology, 20(4), R194–R201.  
 
Kayser, M., Brauer, S., Cordaux, R., Casto, A., Lao, O., Zhivotovsky, L.A., Moyse-Faurie, C., 
Rutledge, R.B., Schiefenhoevel, W., Gil, D., Lin, A.A., Underhill, P.A., Oefner, P.J., Trent, 
R.J., Stoneking, M., 2006. Melanesian and Asian Origins of Polynesians: mtDNA and Y 
Chromosome Gradients Across the Pacific. Mol Biol Evol 23, 2234–2244. 
https://doi.org/10.1093/molbev/msl093 
 
Kayser, M., Brauer, S., Weiss, G., Underhill, P., Roewer, L., Schiefenhövel, W., Stoneking, 
M., 2000a. Melanesian origin of Polynesian Y chromosomes. Current Biology 10, 1237–
1246. https://doi.org/10.1016/S0960-9822(00)00734-X 
 
Kayser, M., Brauer, S., Weiss, G., Underhill, PeterA., Roewer, L., Schiefenhövel, W., 
Stoneking, M., 2000b. Melanesian origin of Polynesian Y chromosomes. Current Biology 10, 
1237–1246. https://doi.org/10.1016/S0960-9822(00)00734-X 
 
Kemp, B.M., González-Oliver, A., Malhi, R.S., Monroe, C., Schroeder, K.B., McDonough, J., 
Rhett, G., Resendéz, A., Peñaloza-Espinosa, R.I., Buentello-Malo, L., Gorodesky, C., Smith, 
D.G., 2010. Evaluating the Farming/Language Dispersal Hypothesis with genetic variation 
exhibited by populations in the Southwest and Mesoamerica. PNAS 107, 6759–6764. 
https://doi.org/10.1073/pnas.0905753107 
 
Kennedy, J. 2006. [Review of Review of Papuan Pasts: Cultural, Linguistic and Biological 
Histories of Papuan-Speaking Peoples, by A. Pawley, R. Attenborough, J. Golson, R. Hide]. 
Archaeology in Oceania, 41(3), 130–133.  
 
Kennedy, K. E., Froese, D. G., Zazula, G. D., Lauriol, B. 2010. Last Glacial Maximum age 
for the northwest Laurentide maximum from the Eagle River spillway and delta complex, 
northern Yukon. Quaternary Science Reviews, 29(9), 1288–1300. 
https://doi.org/10.1016/j.quascirev.2010.02.015 
 
Keyser, C., Zvénigorosky, V., Gonzalez, A., Fausser, J.-L., Jagorel, F., Gérard, P., Tsagaan, T., 
Duchesne, S., Crubézy, E., Ludes, B., 2021. Genetic evidence suggests a sense of family, 
parity and conquest in the Xiongnu Iron Age nomads of Mongolia. Hum Genet 140, 349–359. 
https://doi.org/10.1007/s00439-020-02209-4 
 
Kimura M. 1964. Diffusion models in population genetics. Journal of Applied Probability 
1:177–232. 
 
Bibliography            
 
174 
Kimura, M. 1980. A simple method for estimating evolutionary rates of base substitutions 
through comparative studies of nucleotide sequences. Journal of Molecular Evolution, 16(2), 
111–120.  
 
Kinney, N., Kang, L., Bains, H., Lawson, E., Husain, M., Husain, K., Sandhu, I., Shin, Y., 
Carter, J.K., Anandakrishnan, R., Michalak, P., Garner, H., 2021. Ethnically biased 
microsatellites contribute to differential gene expression and glutathione metabolism in 
Africans and Europeans. PLOS ONE 16, e0249148. 
https://doi.org/10.1371/journal.pone.0249148 
 
Kit, S. 1961. Equilibrium sedimentation in density gradients of DNA preparations from 
animal tissues. Journal of Molecular Biology, 3(6), 711-IN2.  
 
Kivisild, T., Reidla, M., Metspalu, E., Rosa, A., Brehm, A., Pennarun, E., Villems, R. 2004. 
Ethiopian mitochondrial DNA heritage: tracking gene flow across and around the gate of 
tears. American Journal of Human Genetics, 75(5), 752–770.  
 
Klamer, M., 2019. The dispersal of Austronesian languages in Island South East Asia: Current 
findings and debates. Language and Linguistics Compass 13, e12325. 
https://doi.org/10.1111/lnc3.12325 
 
Kloss‐Brandstätter, A., Pacher, D., Schönherr, S., Weissensteiner, H., Binna, R., Specht, G., 
Kronenberg, F., 2011. HaploGrep: a fast and reliable algorithm for automatic classification of 
mitochondrial DNA haplogroups. Human Mutation 32, 25–32. 
https://doi.org/10.1002/humu.21382 
 
Kopinski, P.K., Janssen, K.A., Schaefer, P.M., Trefely, S., Perry, C.E., Potluri, P., Tintos-
Hernandez, J.A., Singh, L.N., Karch, K.R., Campbell, S.L., Doan, M.T., Jiang, H., Nissim, I., 
Nakamaru-Ogiso, E., Wellen, K.E., Snyder, N.W., Garcia, B.A., Wallace, D.C., 2019. 
Regulation of nuclear epigenome by mitochondrial DNA heteroplasmy. PNAS 116, 16028–
16035. https://doi.org/10.1073/pnas.1906896116 
 
Korlević P, Gerber T, Gansauge M-T, Hajdinjak M, Nagel S, Aximu-Petri A, Meyer M. 2015. 
Reducing microbial and human contamination in DNA extractions from ancient bones and 
teeth. BioTechniques 59:87–93. 
 
Krause, J., Fu, Q., Good, J. M., Viola, B., Shunkov, M. V., Derevianko, A. P., Pääbo, S. 2010. 
The complete mitochondrial DNA genome of an unknown hominin from southern Siberia. 
Nature, 464(7290), 894–897.  
 
Kusuma, P., Cox, M., Pierron, D., Razafindrazaka, H., Brucato, N., Tonasso, L., Suryadi, H., 
Letellier, T., Sudoyo, H., Ricaut, F., 2015. Mitochondrial DNA and the Y chromosome 
suggest the settlement of Madagascar by Indonesian sea nomad populations. BMC genomics 
16, 1394. https://doi.org/10.1186/s12864-015-1394-7 
Langebaek, C.H., 2019. Los muiscas. Penguin Random House Grupo Editorial Colombia. 
 
Larrasoaña, J. C., Roberts, A. P., Rohling, E. J. 2013. Dynamics of Green Sahara Periods and 
Their Role in Hominin Evolution. PLOS ONE, 8(10), e76514. 
  
Bibliography            
 
175 
Láruson, Á.J., Reed, F.A., 2021. Population Genetics with R: An Introduction for Life 
Scientists. Oxford, United Kingdom. 
 
Lazaridis I, Nadel D, Rollefson G, Merrett DC, Rohland N, Mallick S, Fernandes D, Novak 
M, Gamarra B, Sirak K, Connell S, Stewardson K, Harney E, Fu Q, Gonzalez-Fortes G, Jones 
ER, Roodenberg SA, Lengyel G, Bocquentin F, Gasparian B, Monge JM, Gregg M, Eshed V, 
Mizrahi A-S, Meiklejohn C, Gerritsen F, Bejenaru L, Blüher M, Campbell A, Cavalleri G, 
Comas D, Froguel P, Gilbert E, Kerr SM, Kovacs P, Krause J, McGettigan D, Merrigan M, 
Merriwether DA, O’Reilly S, Richards MB, Semino O, Shamoon-Pour M, Stefanescu G, 
Stumvoll M, Tönjes A, Torroni A, Wilson JF, Yengo L, Hovhannisyan NA, Patterson N, 
Pinhasi R, Reich D. 2016. Genomic insights into the origin of farming in the ancient Near 
East. Nature 536:419–424. 
 
Leigh, J.W., Bryant, D., 2015. popart: full-feature software for haplotype network 
construction. Methods in Ecology and Evolution 6, 1110–1116.  
 
Lemey P, Salemi M, Vandamme A-M eds. 2009. The Phylogenetic Handbook: A Practical 
Approach to Phylogenetic Analysis and Hypothesis Testing. Edición: 2nd. Cambridge, UK ; 
New York: Cambridge University Press. 
 
Lesniewski, D., 2009. When did the ancestors of Polynesia begin to migrate to Polynesia? 
The mtDNA evidence. UNLV Theses, Dissertations, Professional Papers, and Capstones. 
https://doi.org/10.34917/1377307 
 
Linsen L, Long TV, Rosenthal P, Rosswog S. 2008. Surface Extraction from Multi-field 
Particle Volume Data Using Multi-Dimensional Cluster Visualization. IEEE Transactions on 
Visualization and Computer Graphics 14:1483–1490. 
 
Lipson, M., Skoglund, P., Spriggs, M., Valentin, F., Bedford, S., Shing, R., Buckley, H., 
Phillip, I., Ward, G.K., Mallick, S., Rohland, N., Broomandkhoshbacht, N., Cheronet, O., 
Ferry, M., Harper, T.K., Michel, M., Oppenheimer, J., Sirak, K., Stewardson, K., Auckland, 
K., Hill, A.V.S., Maitland, K., Oppenheimer, S.J., Parks, T., Robson, K., Williams, T.N., 
Kennett, D.J., Mentzer, A.J., Pinhasi, R., Reich, D., 2018. Population Turnover in Remote 
Oceania Shortly after Initial Settlement. Current Biology 28, 1157-1165.e7. 
https://doi.org/10.1016/j.cub.2018.02.051 
 
Lipson, M., Spriggs, M., Valentin, F., Bedford, S., Shing, R., Zinger, W., Buckley, H., 
Petchey, F., Matanik, R., Cheronet, O., Rohland, N., Pinhasi, R., Reich, D., 2020. Three 
Phases of Ancient Migration Shaped the Ancestry of Human Populations in Vanuatu. Current 
Biology 30, 4846-4856.e6. https://doi.org/10.1016/j.cub.2020.09.035 
 
Liu, H., Prugnolle, F., Manica, A., Balloux, F., 2006. A Geographically Explicit Genetic 
Model of Worldwide Human-Settlement History. The American Journal of Human Genetics 
79, 230–237. https://doi.org/10.1086/505436 
 
 
Liu, W., Martinón-Torres, M., Cai, Y., Xing, S., Tong, H., Pei, S., Sier, M.J., Wu, Xiao-hong, 
Edwards, R.L., Cheng, H., Li, Y., Yang, X., de Castro, J.M.B., Wu, Xiu-jie, 2015. The earliest 
unequivocally modern humans in southern China. Nature 526, 696–699. 
https://doi.org/10.1038/nature15696 




Llamas B, Valverde G, Fehren-Schmitz L, Weyrich LS, Cooper A, Wolfang H. 2016. From 
the field to the laboratory: Controlling DNA contamination in human ancient DNA research 
in the high-throughput sequencing era: STAR: Science Technology of Archaeological 
Research: Vol 3, No 1. 
  
Llamas, B., Fehren-Schmitz, L., Valverde, G., Soubrier, J., Mallick, S., Rohland, N., Haak, W. 
2016. Ancient mitochondrial DNA provides high-resolution time scale of the peopling of the 
Americas. Science Advances, 2(4), e1501385.  
 
Llamas, B., Fehren-Schmitz, L., Valverde, G., Soubrier, J., Mallick, S., Rohland, N., 
Nordenfelt, S., Valdiosera, C., Richards, S.M., Rohrlach, A., Romero, M.I.B., Espinoza, I.F., 
Cagigao, E.T., Jiménez, L.W., Makowski, K., Reyna, I.S.L., Lory, J.M., Torrez, J.A.B., 
Rivera, M.A., Burger, R.L., Ceruti, M.C., Reinhard, J., Wells, R.S., Politis, G., Santoro, C.M., 
Standen, V.G., Smith, C., Reich, D., Ho, S.Y.W., Cooper, A., Haak, W., 2016. Ancient 
mitochondrial DNA provides high-resolution time scale of the peopling of the Americas. 
Science Advances 2, e1501385. https://doi.org/10.1126/sciadv.1501385 
 
Llamas, B., Rada, X.R., Collen, E., 2020. Ancient DNA helps trace the peopling of the world. 
The Biochemist 42, 18–22. https://doi.org/10.1042/BIO04201018 
 
Loh P-R, Lipson M, Patterson N, Moorjani P, Pickrell JK, Reich D, Berger B. 2013. Inferring 
Admixture Histories of Human Populations Using Linkage Disequilibrium. Genetics 
193:1233–1254. 
 
Lohmueller, K.E., Nielsen, R. (Eds.), 2021. Human Population Genomics: Introduction to 
Essential Concepts and Applications. Cham, Switzerland. 
 
Lombardi, G., Arriaza, B., 2020. South American Mummies, in: Shin, D.H., Bianucci, R. 
(Eds.), The Handbook of Mummy Studies: New Frontiers in Scientific and Cultural 
Perspectives. Springer, Singapore, pp. 1–14. https://doi.org/10.1007/978-981-15-1614-6_25-1 
 
López, S., van Dorp, L., Hellenthal, G., 2015. Human Dispersal Out of Africa: A Lasting 
Debate. Evol Bioinform Online 11, 57–68. https://doi.org/10.4137/EBO.S33489 
Lowe, K., 2007. Inferno; the Devastation of Hamburg 1943. London. 
 
Macaulay, V., Soares, P., Richards, M.B., 2019. Rectifying long-standing misconceptions 
about the ρ statistic for molecular dating. PLOS ONE 14, e0212311. 
https://doi.org/10.1371/journal.pone.0212311 
 
Mack, S. J., Bugawan, T. L., Moonsamy, P. V., Erlich, J. A., Trachtenberg, E., Paik, Y. K., 
Erlich, H. A. 2000. Evolution of Pacific/Asian populations inferred from HLA class II allele 
frequency distributions. Tissue Antigens, 55(5), 383–400.  
 
 
Malaspinas A-S, Westaway MC, Muller C, Sousa VC, Lao O, Alves I, Bergström A, 
Athanasiadis G, Cheng JY, Crawford JE, Heupink TH, Macholdt E, Peischl S, Rasmussen S, 
Schiffels S, Subramanian S, Wright JL, Albrechtsen A, Barbieri C, Dupanloup I, Eriksson A, 
Margaryan A, Moltke I, Pugach I, Korneliussen TS, Levkivskyi IP, Moreno-Mayar JV, Ni S, 
Racimo F, Sikora M, Xue Y, Aghakhanian FA, Brucato N, Brunak S, Campos PF, Clark W, 
Bibliography            
 
177 
Ellingvåg S, Fourmile G, Gerbault P, Injie D, Koki G, Leavesley M, Logan B, Lynch A, 
Matisoo-Smith EA, McAllister PJ, Mentzer AJ, Metspalu M, Migliano AB, Murgha L, Phipps 
ME, Pomat W, Reynolds D, Ricaut F-X, Siba P, Thomas MG, Wales T, Wall CM, 
Oppenheimer SJ, Tyler-Smith C, Durbin R, Dortch J, Manica A, Schierup MH, Foley RA, 
Lahr MM, Bowern C, Wall JD, Mailund T, Stoneking M, Nielsen R, Sandhu MS, Excoffier L, 
Lambert DM, Willerslev E. 2016. A genomic history of Aboriginal Australia. Nature 
538:207–214. 
 
Malaspinas, A.-S., Lao, O., Schroeder, H., Rasmussen, M., Raghavan, M., Moltke, I., 
Willerslev, E. 2014. Two ancient human genomes reveal Polynesian ancestry among the 
indigenous Botocudos of Brazil. Current Biology, 24(21), R1035–R1037. 
  
Malaspinas, A.-S., Tange, O., Moreno-Mayar, J. V., Rasmussen, M., DeGiorgio, M., Wang, Y., 
Nielsen, R. 2014. bammds: a tool for assessing the ancestry of low-depth whole-genome data 
using multidimensional scaling (MDS). Bioinformatics, 30(20), 2962–2964. 
 Mansour S, Magnan J, Haidar H, Nicolas K, Louryan S. 2013. Comprehensive and Clinical 
Anatomy of the Middle Ear. Berlin Heidelberg: Springer-Verlag.  
 
Marino M, Sala A, Corach D. 2006. Population genetic analysis of 15 autosomal STRs loci in 
the central region of Argentina. Forensic Science International 161:72–77. 
 
Marquis, J., Lefebvre, G., Kourmpetis, Y.A.I., Kassam, M., Ronga, F., De Marchi, U., 
Wiederkehr, A., Descombes, P., 2017. MitoRS, a method for high throughput, sensitive, and 
accurate detection of mitochondrial DNA heteroplasmy. BMC Genomics 18, 326. 
https://doi.org/10.1186/s12864-017-3695-5 
 
Marshall, J.A., Roering, J.J., Rempel, A.W., Shafer, S.L., Bartlein, P.J., 2021. Extensive Frost 
Weathering Across Unglaciated North America During the Last Glacial Maximum. 
Geophysical Research Letters 48, e2020GL090305.  
 
Martín-Seijo, M., Kaal, J., Torné, C.M., Torné, J.M., 2021. Wood in Pre-Columbian Funerary 
Rituals: A Case Study from El Caño (Panama, AD 880–1020). Environmental Archaeology 
26, 406–422. https://doi.org/10.1080/14614103.2020.1829301 
 
Masuyama, K., Shojo, H., Nakanishi, H., Inokuchi, S., Adachi, N., 2017. Sex Determination 
from Fragmented and Degenerated DNA by Amplified Product-Length Polymorphism 
Bidirectional SNP Analysis of Amelogenin and SRY Genes. PLOS ONE 12, e0169348. 
https://doi.org/10.1371/journal.pone.0169348 
 
Matange, K., Tuck, J.M., Keung, A.J., 2021. DNA stability: a central design consideration for 
DNA data storage systems. Nat Commun 12, 1358. https://doi.org/10.1038/s41467-021-
21587-5 
 
Mathieson, I., Alpaslan-Roodenberg, S., Posth, C., Szécsényi-Nagy, A., Rohland, N., Mallick, 
S., Reich, D. 2018. The genomic history of southeastern Europe. Nature, 555(7695), 197–
203.  
 
Mathieson, I., McVean, G. 2012. Differential confounding of rare and common variants in 
spatially structured populations. Nature Genetics, 44(3), 243–246.  
 
Bibliography            
 
178 
Matisoo-Smith, E., 2015. Ancient DNA and the human settlement of the Pacific: A review. 
Journal of Human Evolution, Special Issue: Ancient DNA and Human Evolution 79, 93–104. 
https://doi.org/10.1016/j.jhevol.2014.10.017 
 
Matisoo-Smith, E., 2017. The Human Landscape: Population Origins, Settlement and Impact 
of Human Arrival in Aotearoa/New Zealand, in: Shulmeister, J. (Ed.), Landscape and 
Quaternary Environmental Change in New Zealand, Atlantis Advances in Quaternary 
Science. Atlantis Press, Paris, pp. 293–311. https://doi.org/10.2991/978-94-6239-237-3_8 
Matisoo-Smith, E., Robins, J. H. (2004). Origins and dispersals of Pacific peoples: Evidence 
from mtDNA phylogenies of the Pacific rat. Proceedings of the National Academy of 
Sciences, 101(24), 9167–9172.  
 
Matisoo-Smith, E., Robins, J.H., 2004. Origins and dispersals of Pacific peoples: Evidence 
from mtDNA phylogenies of the Pacific rat. PNAS 101, 9167–9172. 
https://doi.org/10.1073/pnas.0403120101 
 
Matisoo-Smith, E.A., 2015. Tracking Austronesian expansion into the Pacific via the paper 
mulberry plant. PNAS 112, 13432–13433. https://doi.org/10.1073/pnas.1518576112 
 
Matisoo-Smith, Elizabeth, Ramirez, J.-M. 2010. Human Skeletal Evidence of Polynesian 
Presence in South America? Metric Analyses of Six Crania from Mocha Island, Chile. 
Journal of Pacific Archaeology, 1(1), 76–88. 
 
Matisoo-Smith, Elizabeth. 2015. Ancient DNA and the human settlement of the Pacific: A 
review. Journal of Human Evolution, 79, 93–104.  
 
Matsuda, M.K., 2021. About Ancestors. The Journal of Pacific History 0, 1–16. 
https://doi.org/10.1080/00223344.2021.1902253 
 
Matsumura, H., Shinoda, K., Shimanjuntak, T., Oktaviana, A.A., Noerwidi, S., Octavianus 
Sofian, H., Prastiningtyas, D., Nguyen, L.C., Kakuda, T., Kanzawa-Kiriyama, H., Adachi, N., 
Hung, H., Fan, X., Wu, X., Willis, A., Oxenham, M.F., 2018. Cranio-morphometric and 
aDNA corroboration of the Austronesian dispersal model in ancient Island Southeast Asia: 
Support from Gua Harimau, Indonesia. PLoS One 13, e0198689.  
Maude, H.E., 1981. Slavers in paradise: the Peruvian labour trade in Polynesia, 1862-1864. 
Australian National University Press. 
 
McEvoy, B. P., Lind, J. M., Wang, E. T., Moyzis, R. K., Visscher, P. M., Pellekaan, S. M. van 
H., Wilton, A. N. 2010. Whole-Genome Genetic Diversity in a Sample of Australians with 
Deep Aboriginal Ancestry. The American Journal of Human Genetics, 87(2), 297–305.  
 
McLaren, D., Fedje, D., Mackie, Q., Davis, L.G., Erlandson, J., Gauvreau, A., Vogelaar, C., 
2020. Late Pleistocene Archaeological Discovery Models on the Pacific Coast of North 
America. PaleoAmerica 6, 43–63.  
 
Melton P. 2008. Genetic history and pre-Columbian Diaspora of Chibchan speaking 
populations: Molecular genetic evidence. 
 
Bibliography            
 
179 
Melton, T., Peterson, R., Redd, A.J., Saha, N., Sofro, A.S., Martinson, J., Stoneking, M., 
1995. Polynesian genetic affinities with Southeast Asian populations as identified by mtDNA 
analysis. Am J Hum Genet 57, 403–414. 
 
Meltzer, D.J., 2009. First Peoples in a New World: Colonizing Ice Age America, 1st ed. 
University of California Press. 
 
Merriwether, D.A., Hodgson, J.A., Friedlaender, F.R., Allaby, R., Cerchio, S., Koki, G., 
Friedlaender, J.S., 2005. Ancient mitochondrial M haplogroups identified in the Southwest 
Pacific. PNAS 102, 13034–13039. 
 
Meyer, M., Kircher, M. 2010. Illumina sequencing library preparation for highly multiplexed 
target capture and sequencing. Cold Spring Harbor Protocols, 2010(6). 
 
Meyer, M., Kircher, M., Gansauge, M.-T., Li, H., Racimo, F., Mallick, S., Pääbo, S. 2012. A 
High-Coverage Genome Sequence from an Archaic Denisovan Individual. Science, 
338(6104), 222–226.  
 
Middleton, J., 2021. Revisiting the clause periphery in Polynesian languages. Glossa: a 
journal of general linguistics 6, 87. https://doi.org/10.5334/gjgl.1476 
 
Mikami, E., Fuku, N., Kong, Q.-P., Takahashi, H., Ohiwa, N., Murakami, H., Miyachi, M., 
Higuchi, M., Tanaka, M., Pitsiladis, Y.P., Kawahara, T., 2013. Comprehensive analysis of 
common and rare mitochondrial DNA variants in elite Japanese athletes: a case–control study. 
J Hum Genet 58, 780–787. https://doi.org/10.1038/jhg.2013.102 
 
Mingroni-Netto, R.C., 2021. The Human Mitochondrial DNA, in: Haddad, L.A. (Ed.), 
Human Genome Structure, Function and Clinical Considerations. Springer International 
Publishing, Cham, pp. 301–328. https://doi.org/10.1007/978-3-030-73151-9_10 
 
Montt, I., Fiore, D., Santoro, C.M., Arriaza, B., 2021. Relational bodies: affordances, 
substances and embodiment in Chinchorro funerary practices c. 7000–3250 BP. Antiquity 1–
21. https://doi.org/10.15184/aqy.2021.126 
 
Morales-Arce, A. Y., Snow, M. H., Kelley, J. H., Anne Katzenberg, M. 2017. Ancient 
mitochondrial DNA and ancestry of Paquimé inhabitants, Casas Grandes (A.D. 1200-1450). 
American Journal of Physical Anthropology, 163(3), 616–626.  
 
Morales-Arce, A.Y., Hofman, C.A., Duggan, A.T., Benfer, A.K., Katzenberg, M.A., 
McCafferty, G., Warinner, C., 2017a. Successful reconstruction of whole mitochondrial 
genomes from ancient Central America and Mexico. Sci Rep 7. 
https://doi.org/10.1038/s41598-017-18356-0 
 
Morales-Arce, A.Y., Snow, M.H., Kelley, J.H., Anne Katzenberg, M., 2017b. Ancient 
mitochondrial DNA and ancestry of Paquimé inhabitants, Casas Grandes (A.D. 1200-1450). 
Am. J. Phys. Anthropol. 163, 616–626. https://doi.org/10.1002/ajpa.23223 
 
Moreno-Mayar, J. V., Potter, B. A., Vinner, L., Steinrücken, M., Rasmussen, S., Terhorst, J., 
Willerslev, E. 2018. Terminal Pleistocene Alaskan genome reveals first founding population 
of Native Americans. Nature, 553(7687), 203–207.  




Moreno-Mayar, J. V., Rasmussen, S., Seguin-Orlando, A., Rasmussen, M., Liang, M., Flåm, 
S. T., Malaspinas, A.-S. 2014. Genome-wide Ancestry Patterns in Rapanui Suggest Pre-
European Admixture with Native Americans. Current Biology, 24(21), 2518–2525.  
 
Moreno-Mayar, J.V., Potter, B.A., Vinner, L., Steinrücken, M., Rasmussen, S., Terhorst, J., 
Kamm, J.A., Albrechtsen, A., Malaspinas, A.-S., Sikora, M., Reuther, J.D., Irish, J.D., Malhi, 
R.S., Orlando, L., Song, Y.S., Nielsen, R., Meltzer, D.J., Willerslev, E., 2018. Terminal 
Pleistocene Alaskan genome reveals first founding population of Native Americans. Nature 
553, 203–207. https://doi.org/10.1038/nature25173 
 
Moreno-Mayar, J.V., Rasmussen, S., Seguin-Orlando, A., Rasmussen, M., Liang, M., Flåm, 
S.T., Lie, B.A., Gilfillan, G.D., Nielsen, R., Thorsby, E., Willerslev, E., Malaspinas, A.-S., 
2014. Genome-wide Ancestry Patterns in Rapanui Suggest Pre-European Admixture with 
Native Americans. Current Biology 24, 2518–2525. https://doi.org/10.1016/j.cub.2014.09.057 
 
Moreno-Mayar, J.V., Vinner, L., Damgaard, P. de B., Fuente, C. de la, Chan, J., Spence, J.P., 
Allentoft, M.E., Vimala, T., Racimo, F., Pinotti, T., Rasmussen, S., Margaryan, A., Orbegozo, 
M.I., Mylopotamitaki, D., Wooller, M., Bataille, C., Becerra-Valdivia, L., Chivall, D., 
Comeskey, D., Devièse, T., Grayson, D.K., George, L., Harry, H., Alexandersen, V., Primeau, 
C., Erlandson, J., Rodrigues-Carvalho, C., Reis, S., Bastos, M.Q.R., Cybulski, J., Vullo, C., 
Morello, F., Vilar, M., Wells, S., Gregersen, K., Hansen, K.L., Lynnerup, N., Lahr, M.M., 
Kjær, K., Strauss, A., Alfonso-Durruty, M., Salas, A., Schroeder, H., Higham, T., Malhi, R.S., 
Rasic, J.T., Souza, L., Santos, F.R., Malaspinas, A.-S., Sikora, M., Nielsen, R., Song, Y.S., 
Meltzer, D.J., Willerslev, E., 2018. Early human dispersals within the Americas. Science 362. 
https://doi.org/10.1126/science.aav2621 
 
Moreno, K., Bostelmann, J. E., Macías, C., Navarro-Harris, X., Pol-Holz, R. D., Pino, M. 
2019. A late Pleistocene human footprint from the Pilauco archaeological site, northern 
Patagonia, Chile. PLOS ONE, 14(4), e0213572.  
 
Morrison C, Gannon F. 1994. The impact of the PCR plateau phase on quantitative PCR. 
Biochimica et Biophysica Acta (BBA) - Gene Structure and Expression 1219:493–498. 
 
Moyse-Faurie, C., 2021. Linguistic expressions of Goal, Source and Place in Polynesian 
languages. Studies in Language. International Journal sponsored by the Foundation 
“Foundations of Language” 45, 75–108. https://doi.org/10.1075/sl.00017. 
 
Muinde, J.M., Chandra Bhanu, D.R., Neumann, R., Oduor, R.O., Kanja, W., Kimani, J.K., 
Mutugi, M.W., Smith, L., Jobling, M.A., Wetton, J.H., 2021. Geographical and linguistic 
structure in the people of Kenya demonstrated using 21 autosomal STRs. Forensic Science 
International: Genetics 53, 102535. https://doi.org/10.1016/j.fsigen.2021.102535 
 
Mulligan, C. J., Kitchen, A., Miyamoto, M. M. 2008. Updated Three-Stage Model for the 
Peopling of the Americas. PLOS ONE, 3(9), e3199.  
 
Mullis KB, Faloona FA. 1987. Specific synthesis of DNA in vitro via a polymerase-catalyzed 
chain reaction. In: Methods in Enzymology. Vol. 155. Recombinant DNA Part F. Academic 
Press. p 335–350.  
 
Bibliography            
 
181 
Munyikwa, K., Rittenour, T. M., Feathers, J. K. 2017. Temporal constraints for the Late 
Wisconsinan deglaciation of western Canada using eolian dune luminescence chronologies 
from Alberta. Palaeogeography, Palaeoclimatology, Palaeoecology, 470, 147–165.  
 
Mutterlose, J., Rawson, P.F., Reboulet, S., Baudin, F., Bulot, L., Emmanuel, L., Gardin, S., 
Martinez, M., Renard, M., 2021. The Global Boundary Stratotype Section and Point (GSSP) 
for the base of the Hauterivian Stage (Lower Cretaceous), La Charce, southeast France. 
Episodes 44, 129–150. https://doi.org/10.18814/epiiugs/2020/020072 
 
Nagle N, van Oven M, Wilcox S, van Holst Pellekaan S, Tyler-Smith C, Xue Y, Ballantyne 
KN, Wilcox L, Papac L, Cooke K, van Oorschot RAH, McAllister P, Williams L, Kayser M, 
Mitchell RJ, Adhikarla S, Adler CJ, Balanovska E, Balanovsky O, Bertranpetit J, Clarke AC, 
Comas D, Cooper A, Der Sarkissian CSI, Dulik MC, Gaieski JB, GaneshPrasad A, Haak W, 
Haber M, Hobbs A, Javed A, Jin L, Kaplan ME, Li S, Martínez-Cruz B, Matisoo-Smith EA, 
Melé M, Merchant NC, Owings AC, Parida L, Pitchappan R, Platt DE, Quintana-Murci L, 
Renfrew C, Royyuru AK, Santhakumari AV, Santos FR, Schurr TG, Soodyall H, Soria 
Hernanz DF, Swamikrishnan P, Vilar MG, Wells RS, Zalloua PA, Ziegle JS. 2017. Aboriginal 
Australian mitochondrial genome variation – an increased understanding of population 
antiquity and diversity. Scientific Reports 7:43041. 
 
Nagle, N., Ballantyne, K. N., Oven, M. van, Tyler‐Smith, C., Xue, Y., Taylor, D., Mitchell, R. 
J. 2016. Antiquity and diversity of aboriginal Australian Y-chromosomes. American Journal 
of Physical Anthropology, 159(3), 367–381. 
 
Nagle, N., Ballantyne, K.N., Oven, M. van, Tyler‐Smith, C., Xue, Y., Taylor, D., Wilcox, S., 
Wilcox, L., Turkalov, R., Oorschot, R.A.H. van, McAllister, P., Williams, L., Kayser, M., 
Mitchell, R.J., 2016. Antiquity and diversity of aboriginal Australian Y-chromosomes. 
American Journal of Physical Anthropology 159, 367–381. 
https://doi.org/10.1002/ajpa.22886 
 
Nagle, N., Ballantyne, K.N., van Oven, M., Tyler-Smith, C., Xue, Y., Wilcox, S., Wilcox, L., 
Turkalov, R., van Oorschot, R.A.H., van Holst Pellekaan, S., Schurr, T.G., McAllister, P., 
Williams, L., Kayser, M., Mitchell, R.J., 2017. Mitochondrial DNA diversity of present-day 
Aboriginal Australians and implications for human evolution in Oceania. J Hum Genet 62, 
343–353. https://doi.org/10.1038/jhg.2016.147 
 
Nakatsuka, N., Lazaridis, I., Barbieri, C., Skoglund, P., Rohland, N., Mallick, S., Posth, C., 
Harkins-Kinkaid, K., Ferry, M., Harney, É., Michel, M., Stewardson, K., Novak-Forst, J., 
Capriles, J.M., Durruty, M.A., Álvarez, K.A., Beresford-Jones, D., Burger, R., Cadwallader, 
L., Fujita, R., Isla, J., Lau, G., Aguirre, C.L., LeBlanc, S., Maldonado, S.C., Meddens, F., 
Messineo, P.G., Culleton, B.J., Harper, T.K., Quilter, J., Politis, G., Rademaker, K., Reindel, 
M., Rivera, M., Salazar, L., Sandoval, J.R., Santoro, C.M., Scheifler, N., Standen, V., Barreto, 
M.I., Espinoza, I.F., Tomasto-Cagigao, E., Valverde, G., Kennett, D.J., Cooper, A., Krause, J., 
Haak, W., Llamas, B., Reich, D., Fehren-Schmitz, L., 2020. A Paleogenomic Reconstruction 
of the Deep Population History of the Andes. Cell 181, 1131-1145.e21. 
https://doi.org/10.1016/j.cell.2020.04.015 
 
Nanci, A. 2017. Ten Cate’s Oral Histology – E-Book: Development, Structure, and Function. 
Elsevier Health Sciences. 
 
Bibliography            
 
182 
Neculai, B., Ciorpac, M., Matau, F., Gorgan, D. 2016. Ancestral DNA – An incontestable 
source of data for Archaeology. Studia Antiqua et Archaeologica, 21, 157–188. 
 
Nei M. 1973. Analysis of Gene Diversity in Subdivided Populations. Proc Natl Acad Sci U S 
A 70:3321–3323. 
 
Neves, W., Hubbe, M., Bernardo, D., Strauss, A., Araujo, A., Kipnis, R., 2013. Early Human 
Occupation of Lagoa Santa, Eastern Central Brazil: Craniometric Variation of the Initial 
Settlers of South America, in: The Paleoamerican Odissey. pp. 397–412. 
 
Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ. 2015. IQ-TREE: A Fast and Effective 
Stochastic Algorithm for Estimating Maximum-Likelihood Phylogenies. Mol Biol Evol 
32:268–274. 
 
Nielsen, R., Akey, J. M., Jakobsson, M., Pritchard, J. K., Tishkoff, S., Willerslev, E. 2017. 
Tracing the peopling of the world through genomics. Nature, 541(7637), 302–310.  
 
Nissanka, N., Moraes, Carlos.T., 2020. Mitochondrial DNA heteroplasmy in disease and 
targeted nuclease-based therapeutic approaches. EMBO reports 21, e49612. 
https://doi.org/10.15252/embr.201949612 
 
Noguera-Santamaría, M.C., Anderson, C.E., Uricoechea, D., Durán, C., Briceño-Balcázar, I., 
Bernal Villegas, J., 2015. Mitochondrial DNA analysis suggests a Chibchan migration into 
Colombia. Universitas Scientiarum 20, 261–278. https://doi.org/10.11144/Javeriana.SC20-
2.mdas 
 
Noguera-Santamaría, M.C., Rivera-Sandoval, J., Martín, J.G., Briceño-Balcázar, I., Gómez-
Gutiérrez, A., Noguera-Santamaría, M.C., Rivera-Sandoval, J., Martín, J.G., Briceño-
Balcázar, I., Gómez-Gutiérrez, A., 2020. Genetic analysis of pre-Columbian human remains 
from Lower Magdalena suggests a migratory route and matrilineal genetic continuity in 
Northern South America. Revista de la Academia Colombiana de Ciencias Exactas, Físicas y 
Naturales 44, 704–715. https://doi.org/10.18257/raccefyn.973 
 
Nores, R., Rena, V., Angeletti, S.C., Demarchi, D.A., Modesti, N., Fabra, M., 2020. 
Biological kinship in 750-year-old human remains from Central Argentina with signs of 
interpersonal violence. Forensic Sci Med Pathol 16, 649–658. https://doi.org/10.1007/s12024-
020-00296-3 
 
Nowakowska, B., 2017. Clinical interpretation of copy number variants in the human 
genome. J Appl Genetics 58, 449–457. https://doi.org/10.1007/s13353-017-0407-4 
 
Núñez-Castillo, M. I. 2012. Variación en el ADN mitocondrial de la población Teribe de 
Panamá. Universitat de Barcelona, San José, Costa Rica. 
 
O’Connell, J.F., Allen, J., Williams, M.A.J., Williams, A.N., Turney, C.S.M., Spooner, N.A., 
Kamminga, J., Brown, G., Cooper, A., 2018. When did Homo sapiens first reach Southeast 
Asia and Sahul? PNAS 115, 8482–8490. 
 
O’Shea, J., 2021. Submerged prehistory in the Americas: Methods, approaches and results. 
The Journal of Island and Coastal Archaeology 16, 1–4.  
Bibliography            
 
183 
Oh, C. S., Lee, S. J., Park, J. B., Lee, S. D., Seo, S. B., Kim, H. Y., Shin, D. H. 2012. 
Autosomal short tandem repeat analysis of ancient DNA by coupled use of mini- and 
conventional STR kits. Journal of Forensic Sciences, 57(3), 820–825. 
  
Okazaki, A., Yamazaki, S., Inoue, I., Ott, J., 2021. Population genetics: past, present, and 
future. Hum Genet 140, 231–240. https://doi.org/10.1007/s00439-020-02208-5 
 
Oldt, R. F., Kanthaswamy, S. 2020. Expanded CODIS STR allele frequencies – Evidence for 
the irrelevance of race-based DNA databases. Legal Medicine, 42, 101642.  
 
Olson, E.J., Dodd, J.P., Rivera, M.A., 2020. Prosopis sp. tree-ring oxygen and carbon isotope 
record of regional-scale hydroclimate variability during the last 9500 years in the Atacama 
Desert. Palaeogeography, Palaeoclimatology, Palaeoecology 538, 109408. 
https://doi.org/10.1016/j.palaeo.2019.109408 
 
Ono, R., Fuentes, R., Pawlik, A., Sofian, H.O., Sriwigati, Aziz, N., Alamsyah, N., Yoneda, 
M., 2020. Island migration and foraging behaviour by anatomically modern humans during 
the late Pleistocene to Holocene in Wallacea: New evidence from Central Sulawesi, 
Indonesia. Quaternary International 554, 90–106.  
 
Oppenheimer, S. 2012. Out-of-Africa, the peopling of continents and islands: tracing 
uniparental gene trees across the map. Philosophical Transactions of the Royal Society of 
London. Series B, Biological Sciences, 367(1590), 770–784.  
 
Oppenheimer, S., Richards, M. 2001. Fast trains, slow boats, and the ancestry of the 
Polynesian islanders. Science Progress, 84(3), 157–181.  
 
Oven, M. van, Geystelen, A.V., Kayser, M., Decorte, R., Larmuseau, M.H., 2014. Seeing the 
Wood for the Trees: A Minimal Reference Phylogeny for the Human Y Chromosome. Human 
Mutation 35, 187–191. https://doi.org/10.1002/humu.22468 
 
Pääbo, S., 2015. The diverse origins of the human gene pool. Nat Rev Genet 16, 313–314.  
Padilla-Iglesias, C., Gjesfjeld, E., Vinicius, L., 2020. Geographical and social isolation drive 
the evolution of Austronesian languages. PLOS ONE 15, e0243171. 
https://doi.org/10.1371/journal.pone.0243171 
 
Pakendorf, B., Stoneking, M. 2005. Mitochondrial Dna and Human Evolution. Annual 
Review of Genomics and Human Genetics, 6(1), 165–183.  
 
Paredes M, Crespillo M, Luque JA, Valverde JL. 2003. STR frequencies for the PowerPlex® 
16 System Kit in a population from Northeast Spain. Forensic Science International 135:75–
78. 
 
Pauketat, T.R., Sassaman, K.E., 2020. The Archaeology of Ancient North America. 
Cambridge, United Kingdom New York, NY, USA. 
 
Pawley, A., Green, R. C. 1984. The Proto-Oceanic Language Community. The Journal of 
Pacific History, 19(3), 123–146.  
 
Bibliography            
 
184 
Peakall R, Smouse PE. 2012. GenAlEx 6.5: genetic analysis in Excel. Population genetic 
software for teaching and research-an update. Australia_USA. 
  
Pedersen MW, Ruter A, Schweger C, Friebe H, Staff RA, Kjeldsen KK, Mendoza MLZ, 
Beaudoin AB, Zutter C, Larsen NK, Potter BA, Nielsen R, Rainville RA, Orlando L, Meltzer 
DJ, Kjær KH, Willerslev E. 2016. Postglacial viability and colonization in North America’s 
ice-free corridor. Nature 537:45–49. 
 
Pedersen, M. W., Ruter, A., Schweger, C., Friebe, H., Staff, R. A., Kjeldsen, K. K., Willerslev, 
E. 2016. Postglacial viability and colonization in North America’s ice-free corridor. Nature, 
537(7618), 45–49.  
 
Pedro, N., Brucato, N., Fernandes, V., André, M., Saag, L., Pomat, W., Besse, C., Boland, A., 
Deleuze, J.-F., Clarkson, C., Sudoyo, H., Metspalu, M., Stoneking, M., Cox, M.P., Leavesley, 
M., Pereira, L., Ricaut, F.-X., 2020a. Papuan mitochondrial genomes and the settlement of 
Sahul. Journal of Human Genetics 65, 875–887.  
 
Pedro, N., Brucato, N., Fernandes, V., André, M., Saag, L., Pomat, W., Besse, C., Boland, A., 
Deleuze, J.-F., Clarkson, C., Sudoyo, H., Metspalu, M., Stoneking, M., Cox, M.P., Leavesley, 
M., Pereira, L., Ricaut, F.-X., 2020b. Papuan mitochondrial genomes and the settlement of 
Sahul. J Hum Genet 65, 875–887.  
Peñaloza-Espinoza, R.I., Arenas-Aranda, D., Cerda-Flores, R.M., Buetello-Malo, L., 
González-Valencia, G., Torres, J., Álvarez, B., Medoza, I., Flores, M., Sandoval, L., Loeza, 
F., Ramos, I., Muñoz, L., Salamanca, F., 2007. Characterization of mtDNA Haplogroups in 14 
Mexican Indigenous Populations. Human Biology 79, 313–320. 
 
Peng, M.-S., Xu, W., Song, J.-J., Chen, Xing, Sulaiman, X., Cai, L., Liu, H.-Q., Wu, S.-F., 
Gao, Y., Abdulloevich, N.T., Afanasevna, M.E., Ibrohimovich, K.B., Chen, Xi, Yang, W.-K., 
Wu, M., Li, G.-M., Yang, X.-Y., Rakha, A., Yao, Y.-G., Upur, H., Zhang, Y.-P., 2018. 
Mitochondrial genomes uncover the maternal history of the Pamir populations. Eur J Hum 
Genet 26, 124–136.  
 
Perego, U. A., Achilli, A., Angerhofer, N., Accetturo, M., Pala, M., Olivieri, A., Torroni, A. 
2009. Distinctive Paleo-Indian migration routes from Beringia marked by two rare mtDNA 
haplogroups. Current Biology: CB, 19(1), 1–8.  
 
Perego, U.A., Achilli, A., Angerhofer, N., Accetturo, M., Pala, M., Olivieri, A., Hooshiar 
Kashani, B., Ritchie, K.H., Scozzari, R., Kong, Q.-P., Myres, N.M., Salas, A., Semino, O., 
Bandelt, H.-J., Woodward, S.R., Torroni, A., 2009. Distinctive Paleo-Indian migration routes 
from Beringia marked by two rare mtDNA haplogroups. Curr. Biol. 19, 1–8.  
 
Perego, U.A., Lancioni, H., Tribaldos, M., Angerhofer, N., Ekins, J.E., Olivieri, A., 
Woodward, S.R., Pascale, J.M., Cooke, R., Motta, J., Achilli, A., 2012. Decrypting the 
Mitochondrial Gene Pool of Modern Panamanians. PLOS ONE 7, e38337.  
 
Pérez Sepúlveda, L.A., 2016. Aportes genéticos para el entendimiento de la organización 
social de la comunidad muisca Tibanica (Soacha, Cundinamarca) (doctoralThesis). 
instname:Universidad de los Andes. Uniandes. 
 
Bibliography            
 
185 
Petchey, F., Spriggs, M., Bedford, S., Valentin, F., Buckley, H. 2014. Radiocarbon dating of 
burials from the Teouma Lapita cemetery, Efate, Vanuatu. Journal of Archaeological Science, 
50, 227–242. 
 
Petit, J. R., Jouzel, J., Raynaud, D., Barkov, N. I., Barnola, J.-M., Basile, I., Stievenard, M. 
1999. Climate and atmospheric history of the past 420,000 years from the Vostok ice core, 
Antarctica. Nature, 399(6735), 429–436.  
 
Pett, W., Heath, T.A., 2020. Inferring the Timescale of Phylogenetic Trees from Fossil Data, 
in: Scornavacca, C., Delsuc, F., Galtier, N. (Eds.), Phylogenetics in the Genomic Era. No 
commercial publisher | Authors open access book, p. 5.1:1-5.1:18. 
 
Pierce, B. A. 2013. Genetics: A Conceptual Approach, 5th Edition (5th edition). New York, 
NY: W. H. Freeman. 
 
Pierre, M. de S., Bravi, C.M., Motti, J.M.B., Fuku, N., Tanaka, M., Llop, E., Bonatto, S.L., 
Moraga, M., 2012. An Alternative Model for the Early Peopling of Southern South America 
Revealed by Analyses of Three Mitochondrial DNA Haplogroups. PLOS ONE 7, e43486. 
 
Pierson, M.J., Martinez-Arias, R., Holland, B.R., Gemmell, N.J., Hurles, M.E., Penny, D., 
2006. Deciphering past human population movements in Oceania: provably optimal trees of 
127 mtDNA genomes. Mol Biol Evol 23, 1966–1975.  
Pilav, A., Pojski, N., Ahatovi, A., Dehverovi, M., Akar, J., Marjanovi, D., 2017. Allele 
frequencies of 15 STR loci in Bosnian and Herzegovinian population. Croatian Medical 
Journal 58, 250–256.  
 
Pinhasi R, Fernandes D, Sirak K, Novak M, Connell S, Alpaslan-Roodenberg S, Gerritsen F, 
Moiseyev V, Gromov A, Raczky P, Anders A, Pietrusewsky M, Rollefson G, Jovanovic M, 
Trinhhoang H, Bar-Oz G, Oxenham M, Matsumura H, Hofreiter M. 2015. Optimal Ancient 
DNA Yields from the Inner Ear Part of the Human Petrous Bone. PLOS ONE 10:e0129102. 
 
Pinotti, T., Bergström, A., Geppert, M., Bawn, M., Ohasi, D., Shi, W., Lacerda, D.R., Solli, 
A., Norstedt, J., Reed, K., Dawtry, K., González-Andrade, F., Paz-y-Miño, C., Revollo, S., 
Cuellar, C., Jota, M.S., Santos, J.E., Ayub, Q., Kivisild, T., Sandoval, J.R., Fujita, R., Xue, Y., 
Roewer, L., Santos, F.R., Tyler-Smith, C., 2019. Y Chromosome Sequences Reveal a Short 
Beringian Standstill, Rapid Expansion, and early Population structure of Native American 
Founders. Current Biology 29, 149-157.e3.  
 
Pitulko, V. V., Nikolsky, P. A., Girya, E. Y., Basilyan, A. E., Tumskoy, V. E., Koulakov, S. A., 
Anisimov, M. A. 2004. The Yana RHS Site: Humans in the Arctic Before the Last Glacial 
Maximum. Science, 303(5654), 52–56.  
 
Porras-Hurtado L, Ruiz Y, Santos C, Phillips C, Carracedo Á, Lareu M. 2013. An overview of 
STRUCTURE: applications, parameter settings, and supporting software. Available from: 
https://www.frontiersin.org/articles/10.3389/fgene.2013.00098/full 
 
Posth, C., Nägele, K., Colleran, H., Valentin, F., Bedford, S., Kami, K. W., Powell, A. 2018. 
Language continuity despite population replacement in Remote Oceania. Nature Ecology 
Evolution, 2(4), 731–740. https://doi.org/10.1038/s41559-018-0498-2 
 
Bibliography            
 
186 
Posth, C., Nägele, K., Colleran, H., Valentin, F., Bedford, S., Kami, K.W., Shing, R., Buckley, 
H., Kinaston, R., Walworth, M., Clark, G.R., Reepmeyer, C., Flexner, J., Maric, T., Moser, J., 
Gresky, J., Kiko, L., Robson, K.J., Auckland, K., Oppenheimer, S.J., Hill, A.V.S., Mentzer, 
A.J., Zech, J., Petchey, F., Roberts, P., Jeong, C., Gray, R.D., Krause, J., Powell, A., 2018. 
Language continuity despite population replacement in Remote Oceania. Nat Ecol Evol 2, 
731–740. https://doi.org/10.1038/s41559-018-0498-2 
 
Posth, C., Renaud, G., Mittnik, A., Drucker, D.G., Rougier, H., Cupillard, C., Valentin, F., 
Thevenet, C., Furtwängler, A., Wißing, C., Francken, M., Malina, M., Bolus, M., Lari, M., 
Gigli, E., Capecchi, G., Crevecoeur, I., Beauval, C., Flas, D., Germonpré, M., van der Plicht, 
J., Cottiaux, R., Gély, B., Ronchitelli, A., Wehrberger, K., Grigorescu, D., Svoboda, J., Semal, 
P., Caramelli, D., Bocherens, H., Harvati, K., Conard, N.J., Haak, W., Powell, A., Krause, J., 
2016. Pleistocene Mitochondrial Genomes Suggest a Single Major Dispersal of Non-Africans 
and a Late Glacial Population Turnover in Europe. Curr. Biol. 26, 827–833. 
https://doi.org/10.1016/j.cub.2016.01.037 
 
Potter, B. A., Baichtal, J. F., Beaudoin, A. B., Fehren-Schmitz, L., Haynes, C. V., Holliday, V. 
T., Surovell, T. A. 2018. Current evidence allows multiple models for the peopling of the 
Americas. Science Advances, 4(8), eaat5473.  
 
Potter, B. A., Reuther, J. D., Holliday, V. T., Holmes, C. E., Miller, D. S., Schmuck, N. 2016. 
Early colonization of Beringia and Northern North America: Chronology, routes, and adaptive 
strategies. Quaternary International.  
 
Potter, B.A., Irish, J.D., Reuther, J.D., McKinney, H.J., 2014. New insights into Eastern 
Beringian mortuary behavior: A terminal Pleistocene double infant burial at Upward Sun 
River. PNAS 111, 17060–17065.  
 
Prasetyo, B., Nastiti, T.S., Simanjuntak, T., 2021. AUSTRONESIAN DIASPORA: A New 
Perspective. UGM PRESS. 
 
Price, M., 2020. Africans carry surprising amount of Neanderthal DNA [WWW Document]. 
Science | AAAS. URL https://www.sciencemag.org/news/2020/01/africans-carry-surprising-
amount-neanderthal-dna (accessed 6.24.21). 
 
Pritchard, J. K., Stephens, M., Donnelly, P. 2000. Inference of population structure using 
multilocus genotype data. Genetics, 155(2), 945–959. 
 
Pugach, I., Delfin, F., Gunnarsdóttir, E., Kyser, M., Mark, S. 2013. Reply to Price and Bird: 
No inconsistency between the date of gene flow from India and the Australian archaeological 
record. Proceedings of the National Academy of Sciences, 110(32), E2949–E2949.  
 
Pugach, I., Delfin, F., Gunnarsdóttir, E., Kyser, M., Mark, S., 2013. Reply to Price and Bird: 
No inconsistency between the date of gene flow from India and the Australian archaeological 
record. PNAS 110, E2949–E2949.  
 
Pugach, I., Hübner, A., Hung, H., Meyer, M., Carson, M.T., Stoneking, M., 2021. Ancient 
DNA from Guam and the peopling of the Pacific. PNAS 118.  
 
Bibliography            
 
187 
Pugach, I., Stoneking, M. 2013. Reply to Price and Bird: No inconsistency between the date 
of gene flow from India and the Australian archaeological record. Proceedings of the National 
Academy of Sciences, 110(32), E2949–E2949. 
 
Pukui, M.K., Elbert, S.H., Mookini, E.T., 2021a. The Polynesian language family, The Pocket 
Hawaiian Dictionary, with a Concise Hawaiian Grammar. University of Hawaii Press. 
 
Pukui, M.K., Elbert, S.H., Mookini, E.T., 2021b. The Pocket Hawaiian Dictionary, with a 
Concise Hawaiian Grammar, The Pocket Hawaiian Dictionary, with a Concise Hawaiian 
Grammar. University of Hawaii Press. 
 
Purnomo, G.A., Mitchell, K.J., O’Connor, S., Kealy, S., Taufik, L., Schiller, S., Rohrlach, A., 
Cooper, A., Llamas, B., Sudoyo, H., Teixeira, J.C., Tobler, R., 2021. Mitogenomes Reveal 
Two Major Influxes of Papuan Ancestry across Wallacea Following the Last Glacial 
Maximum and Austronesian Contact. Genes 12, 965.  
 
Puzachenko, A.Yu., Levchenko, V.A., Bertuch, F., Zazovskaya, E.P., Kirillova, I.V., 2021. 
Late Pleistocene chronology and environment of woolly rhinoceros (Coelodonta antiquitatis 
(Blumenbach, 1799)) in Beringia. Quaternary Science Reviews 263, 106994.  
 
Qin, P., Stoneking, M., 2015. Denisovan Ancestry in East Eurasian and Native American 
Populations. Molecular Biology and Evolution 32, 2665–2674.  
 
R Core Team, 2020. R: A language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. 
 
Raghavan, M., DeGiorgio, M., Albrechtsen, A., Moltke, I., Skoglund, P., Korneliussen, T. S., 
Willerslev, E. 2014. The genetic prehistory of the New World Arctic. Science, 345(6200), 
1255832.  
 
Raghavan, M., Steinrücken, M., Harris, K., Schiffels, S., Rasmussen, S., DeGiorgio, M., 
Willerslev, E. 2015. Genomic evidence for the Pleistocene and recent population history of 
Native Americans. Science, 349(6250), aab3884.  
 
Raghavan, M., Steinrücken, M., Harris, K., Schiffels, S., Rasmussen, S., DeGiorgio, M., 
Albrechtsen, A., Valdiosera, C., Ávila-Arcos, M.C., Malaspinas, A.-S., Eriksson, A., Moltke, 
I., Metspalu, M., Homburger, J.R., Wall, J., Cornejo, O.E., Moreno-Mayar, J.V., Korneliussen, 
T.S., Pierre, T., Rasmussen, M., Campos, P.F., Damgaard, P. de B., Allentoft, M.E., Lindo, J., 
Metspalu, E., Rodríguez-Varela, R., Mansilla, J., Henrickson, C., Seguin-Orlando, A., 
Malmström, H., Stafford, T., Shringarpure, S.S., Moreno-Estrada, A., Karmin, M., Tambets, 
K., Bergström, A., Xue, Y., Warmuth, V., Friend, A.D., Singarayer, J., Valdes, P., Balloux, F., 
Leboreiro, I., Vera, J.L., Rangel-Villalobos, H., Pettener, D., Luiselli, D., Davis, L.G., Heyer, 
E., Zollikofer, C.P.E., León, M.S.P. de, Smith, C.I., Grimes, V., Pike, K.-A., Deal, M., Fuller, 
B.T., Arriaza, B., Standen, V., Luz, M.F., Ricaut, F., Guidon, N., Osipova, L., Voevoda, M.I., 
Posukh, O.L., Balanovsky, O., Lavryashina, M., Bogunov, Y., Khusnutdinova, E., Gubina, 
M., Balanovska, E., Fedorova, S., Litvinov, S., Malyarchuk, B., Derenko, M., Mosher, M.J., 
Archer, D., Cybulski, J., Petzelt, B., Mitchell, J., Worl, R., Norman, P.J., Parham, P., Kemp, 
B.M., Kivisild, T., Tyler-Smith, C., Sandhu, M.S., Crawford, M., Villems, R., Smith, D.G., 
Waters, M.R., Goebel, T., Johnson, J.R., Malhi, R.S., Jakobsson, M., Meltzer, D.J., Manica, 
Bibliography            
 
188 
A., Durbin, R., Bustamante, C.D., Song, Y.S., Nielsen, R., Willerslev, E., 2015. Genomic 
evidence for the Pleistocene and recent population history of Native Americans. Science 349.  
 
Ranere, A.J., Cooke, R.G., 2021. Late glacial and Early Holocene migrations, and Middle 
Holocene settlement on the lower isthmian land-bridge. Quaternary International, Early 
Neotropical Hunter-Gatherers and the Dynamics of the Initial Peopling of Northern South 
America 578, 20–34 
 
Rasmussen, M., Anzick, S.L., Waters, M.R., Skoglund, P., DeGiorgio, M., Stafford, T.W., 
Rasmussen, S., Moltke, I., Albrechtsen, A., Doyle, S.M., Poznik, G.D., Gudmundsdottir, V., 
Yadav, R., Malaspinas, A.-S., White, S.S., Allentoft, M.E., Cornejo, O.E., Tambets, K., 
Eriksson, A., Heintzman, P.D., Karmin, M., Korneliussen, T.S., Meltzer, D.J., Pierre, T.L., 
Stenderup, J., Saag, L., Warmuth, V., Lopes, M.C., Malhi, R.S., Brunak, S., Sicheritz-Ponten, 
T., Barnes, I., Collins, M., Orlando, L., Balloux, F., Manica, A., Gupta, R., Metspalu, M., 
Bustamante, C.D., Jakobsson, M., Nielsen, R., Willerslev, E., 2014. The genome of a late 
Pleistocene human from a Clovis burial site in western Montana. Nature 506, 225–229.  
 
Rasmussen, M., Guo, X., Wang, Y., Lohmueller, K. E., Rasmussen, S., Albrechtsen, A., 
Willerslev, E. 2011. An Aboriginal Australian Genome Reveals Separate Human Dispersals 
into Asia. Science, 334(6052), 94–98.  
Rasmussen, M., Li, Y., Lindgreen, S., Pedersen, J. S., Albrechtsen, A., Moltke, I., Willerslev, 
E. 2010. Ancient human genome sequence of an extinct Palaeo-Eskimo. Nature, 463(7282), 
757–762.  
 
Razafindrazaka, H., Ricaut, F.-X., Cox, M. P., Mormina, M., Dugoujon, J.-M., 
Randriamarolaza, L. P., Crubézy, E. 2010. Complete mitochondrial DNA sequences provide 
new insights into the Polynesian motif and the peopling of Madagascar. European Journal of 
Human Genetics, 18(5), 575–581.  
 
Rebolledo-Jaramillo, B., Obregon, M.G., Huckstadt, V., Gomez, A., Repetto, G.M., 2021. 
Contribution of Mitochondrial DNA Heteroplasmy to the Congenital Cardiac and Palatal 
Phenotypic Variability in Maternally Transmitted 22q11.2 Deletion Syndrome. Genes 12, 92.  
 
Redd, A. J., Roberts-Thomson, J., Karafet, T., Bamshad, M., Jorde, L. B., Naidu, J. M., 
Hammer, M. F. 2002. Gene Flow from the Indian Subcontinent to Australia: Evidence from 
the Y Chromosome. Current Biology, 12(8), 673–677.  
 
Redd, A. J., Stoneking, M. 1999. Peopling of Sahul: mtDNA Variation in Aboriginal 
Australian and Papua New Guinean Populations. The American Journal of Human Genetics, 
65(3), 808–828.  
 
Redd, A.J., Roberts-Thomson, J., Karafet, T., Bamshad, M., Jorde, L.B., Naidu, J.M., Walsh, 
B., Hammer, M.F., 2002. Gene Flow from the Indian Subcontinent to Australia: Evidence 
from the Y Chromosome. Current Biology 12, 673–677.  
 
Redd, A.J., Stoneking, M., 1999. Peopling of Sahul: mtDNA variation in aboriginal 
Australian and Papua New Guinean populations. Am J Hum Genet 65, 808–828. 
 
Bibliography            
 
189 
Redd, A.J., Takezaki, N., Sherry, S.T., McGarvey, S.T., Sofro, A.S., Stoneking, M., 1995. 
Evolutionary history of the COII/tRNALys intergenic 9 base pair deletion in human 
mitochondrial DNAs from the Pacific. Mol Biol Evol 12, 604–615.  
 
Reich D, Patterson N, Campbell D, Tandon A, Mazieres S, Ray N, Parra MV, Rojas W, Duque 
C, Mesa N, García LF, Triana O, Blair S, Maestre A, Dib JC, Bravi CM, Bailliet G, Corach D, 
Hünemeier T, Bortolini MC, Salzano FM, Petzl-Erler ML, Acuña-Alonzo V, Aguilar-Salinas 
C, Canizales-Quinteros S, Tusié-Luna T, Riba L, Rodríguez-Cruz M, Lopez-Alarcón M, 
Coral-Vazquez R, Canto-Cetina T, Silva-Zolezzi I, Fernandez-Lopez JC, Contreras AV, 
Jimenez-Sanchez G, Gómez-Vázquez MJ, Molina J, Carracedo Á, Salas A, Gallo C, Poletti 
G, Witonsky DB, Alkorta-Aranburu G, Sukernik RI, Osipova L, Fedorova SA, Vasquez R, 
Villena M, Moreau C, Barrantes R, Pauls D, Excoffier L, Bedoya G, Rothhammer F, 
Dugoujon J-M, Larrouy G, Klitz W, Labuda D, Kidd J, Kidd K, Di Rienzo A, Freimer NB, 
Price AL, Ruiz-Linares A. 2012. Reconstructing Native American population history. Nature 
488:370–374. 
 
Reich, D. 2018. Who We Are and How We Got Here: Ancient DNA and the New Science of 
the Human Past. New York: Pantheon. 
 
Reich, D., Patterson, N., Campbell, D., Tandon, A., Mazieres, S., Ray, N., Ruiz-Linares, A. 
2012. Reconstructing Native American population history. Nature, 488(7411), 370–374.  
 
Reich, D., Patterson, N., Kircher, M., Delfin, F., Nandineni, M. R., Pugach, I., Stoneking, M. 
2011. Denisova Admixture and the First Modern Human Dispersals into Southeast Asia and 
Oceania. The American Journal of Human Genetics, 89(4), 516–528.  
 
Relethford, J. H. 2001. Genes, Peoples and Languages. Luigi L. Cavalli-Sforza. Penguin 
Books, London. 2000. pp. 228. Price £18.99, hardback. ISBN 0 713 99486 X. Heredity, 
87(1), 126–127.  
 
Relethford, J. H. 2012. Human Population Genetics (1 edition). Hoboken, N.J: Wiley-
Blackwell. 
 
Ricaut, F.-X., Thomas, T., Mormina, M., Cox, M.P., Bellatti, M., Foley, R.A., Mirazon-Lahr, 
M., 2010. Ancient Solomon Islands mtDNA: assessing Holocene settlement and the impact of 
European contact. Journal of Archaeological Science 37, 1161–1170.  
 
Richard, G.-F., Kerrest, A., Dujon, B. 2008. Comparative Genomics and Molecular Dynamics 
of DNA Repeats in Eukaryotes. Microbiology and Molecular Biology Reviews, 72(4), 686–
727.  
 
Richard, G.-F., Kerrest, A., Dujon, B., 2008. Comparative Genomics and Molecular 
Dynamics of DNA Repeats in Eukaryotes. Microbiology and Molecular Biology Reviews 72, 
686–727.  
 
Riris, P., Arroyo-Kalin, M., 2019. Widespread population decline in South America correlates 
with mid-Holocene climate change. Sci Rep 9, 6850. https://doi.org/10.1038/s41598-019-
43086-w 
 
Bibliography            
 
190 
Roca-Rada, X., Politis, G., Messineo, P.G., Scheifler, N., Scabuzzo, C., González, M., 
Harkins, K.M., Reich, D., Souilmi, Y., Teixeira, J.C., Llamas, B., Fehren-Schmitz, L., 2021. 
Ancient mitochondrial genomes from the Argentinian Pampas inform the early peopling of 
the Southern Cone of South America. iScience 24, 102553.  
 
Roca-Rada, X., Politis, G., Messineo, P.G., Scheifler, N., Scabuzzo, C., González, M., 
Harkins, K.M., Reich, D., Souilmi, Y., Teixeira, J.C., Llamas, B., Fehren-Schmitz, L., 2021c. 
Ancient mitochondrial genomes from the Argentinian Pampas inform the early peopling of 
the Southern Cone of South America. iScience 24, 102553.  
 
Rogers, A. R., Fraley, A. E., Bamshad, M. J., Watkins, W. S., Jorde, L. B. 1996. 
Mitochondrial mismatch analysis is insensitive to the mutational process. Molecular Biology 
and Evolution, 13(7), 895–902.  
 
Rogers, A. R., Harpending, H. 1992. Population growth makes waves in the distribution of 
pairwise genetic differences. Molecular Biology and Evolution, 9(3), 552–569.  
 
Rohland N, Hofreiter M. 2007. Ancient DNA extraction from bones and teeth. Nat Protoc 
2:1756–1762. 
 
Rohland, N., Glocke, I., Aximu-Petri, A., Meyer, M., 2018. Extraction of highly degraded 
DNA from ancient bones, teeth and sediments for high-throughput sequencing. Nat Protoc 13, 
2447–2461. https://doi.org/10.1038/s41596-018-0050-5 
Ross, M. 1988. Proto Oceanic and the Austronesian languages of Western Melanesia. 
Canberra, A.C.T., Australia: Dept. of Linguistics, Research School of Pacific Studies, the 
Australian National University. 
 
Rothhammer, F., Fehren-Schmitz, L., Puddu, G., Capriles, J., 2017. Mitochondrial DNA 
haplogroup variation of contemporary mixed South Americans reveals prehistoric 
displacements linked to archaeologically-derived culture history. Am J Hum Biol 29.  
 
Rozas J, Ferrer-Mata A, Sánchez-DelBarrio JC, Guirao-Rico S, Librado P, Ramos-Onsins SE, 
Sánchez-Gracia A. 2017. DnaSP 6: DNA Sequence Polymorphism Analysis of Large Data 
Sets. Mol Biol Evol 34:3299–3302. 
 
Rubicz, R. C. 2007. Evolutionary Consequences of Recently Founded Aleut Communities in 
the Commander and Pribilof Islands.  
 
Ruiz-Narváez, E.A., Santos, F.R., Carvalho-Silva, D.R., Azofeifa, J., Barrantes, R., Pena, 
S.D.J., 2005. Genetic variation of the Y chromosome in Chibcha-speaking Amerindians of 
Costa Rica and Panama. Hum. Biol. 77, 71–91.  
 
Russo, M.G., Mendisco, F., Avena, S.A., Crespo, C.M., Arencibia, V., Dejean, C.B., Seldes, 
V., 2018. Ancient DNA reveals temporal population structure within the South-Central Andes 
area. American Journal of Physical Anthropology 166, 851–860.  
 
Saetre, G.-P., Ravinet, M., 2019. Evolutionary Genetics: Concepts, Analysis, and Practice. 
New York. 
 
Bibliography            
 
191 
Sahul Time - Monash University [WWW Document], n.d. URL 
http://sahultime.monash.edu.au/ (accessed 7.5.21). 
 
Samper Carro, S.C., Gilbert, F., Bulbeck, D., O’Connor, S., Louys, J., Spooner, N., 
Questiaux, D., Arnold, L., Price, G.J., Wood, R., Mahirta, 2019. Somewhere beyond the sea: 
Human cranial remains from the Lesser Sunda Islands (Alor Island, Indonesia) provide 
insights on Late Pleistocene peopling of Island Southeast Asia. Journal of Human Evolution 
134, 102638.  
 
Santoro, C.M., Capriles, J.M., Gayo, E.M., de Porras, M.E., Maldonado, A., Standen, V.G., 
Latorre, C., Castro, V., Angelo, D., McRostie, V., Uribe, M., Valenzuela, D., Ugalde, P.C., 
Marquet, P.A., 2017. Continuities and discontinuities in the socio-environmental systems of 
the Atacama Desert during the last 13,000years. Journal of Anthropological Archaeology, 
Archaeological discontinuities: Comparative perspectives for the southern hemisphere 46, 
28–39.  
 
Sayed, G.A., Al-Sawaf, H.A., Al-Sawaf, A.H., Saeid, M., Maged, A., Ibrahim, I.H., 2021. 
Mitochondrial DNA in Fresh versus Frozen Embryo Culture Media of Polycystic Ovarian 
Syndrome Patients Undergoing Invitro Fertilization: A Possible Predictive Marker of a 
Successful Pregnancy. Pharmgenomics Pers Med 14, 27–38., L., 2021. What kind of hominin 
first left Africa? Evolutionary Anthropology: Issues, News, and Reviews 30, 122–127.  
 
Scheib, C.L., Li, H., Desai, T., Link, V., Kendall, C., Dewar, G., Griffith, P.W., Mörseburg, A., 
Johnson, J.R., Potter, A., Kerr, S.L., Endicott, P., Lindo, J., Haber, M., Xue, Y., Tyler-Smith, 
C., Sandhu, M.S., Lorenz, J.G., Randall, T.D., Faltyskova, Z., Pagani, L., Danecek, P., 
O’Connell, T.C., Martz, P., Boraas, A.S., Byrd, B.F., Leventhal, A., Cambra, R., Williamson, 
R., Lesage, L., Holguin, B., Soto, E.Y.-D., Rosas, J., Metspalu, M., Stock, J.T., Manica, A., 
Scally, A., Wegmann, D., Malhi, R.S., Kivisild, T., 2018. Ancient human parallel lineages 
within North America contributed to a coastal expansion. Science 360, 1024–1027.  
 
Scheinfeldt, L., Friedlaender, F., Friedlaender, J., Latham, K., Koki, G., Karafet, T., Hammer, 
M., Lorenz, J., 2006. Unexpected NRY Chromosome Variation in Northern Island Melanesia. 
Molecular Biology and Evolution 23, 1628–1641.  
 
Schurr, T. G. 2004. The Peopling of the New World: Perspectives from Molecular 
Anthropology. Annual Review of Anthropology, 33, 551–583. Retrieved from JSTOR. 
 
Schurr, T. G., Sherry, S. T. 2004. Mitochondrial DNA and Y chromosome diversity and the 
peopling of the Americas: Evolutionary and demographic evidence. American Journal of 
Human Biology, 16(4), 420–439. 
 
Schütz, A.J., 2020. Polynesian Languages, Hawaiian Language. University of Hawaii Press. 
 
Seidenberg V, Schilz F, Pfister D, Georges L, Fehren-Schmitz L, Hummel S. 2012. A new 
miniSTR heptaplex system for genetic fingerprinting of ancient DNA from archaeological 
human bone. Journal of Archaeological Science 39:3224–3229. 
 
Seidenberg, V., 2017. Ein bronzezeitlicher Familienclan als genetisches Archiv – 
Morphologisch-paläogenetische Bearbeitung des Skelettkollektivs aus der Lichtensteinhöhle. 
 
Bibliography            
 
192 
Seidenberg, V., Schilz, F., Pfister, D., Georges, L., Fehren-Schmitz, L., Hummel, S., 2012. A 
new miniSTR heptaplex system for genetic fingerprinting of ancient DNA from 
archaeological human bone. Journal of Archaeological Science 39, 3224–3229.  
 
Sharma, U., Lall, S., Kumar, D.R., 2021. A Review on Y-chromosome STR haplotyping. 
Annals of the Romanian Society for Cell Biology 19619–19627. 
 
Shitara, H., Hayashi, J. I., Takahama, S., Kaneda, H., Yonekawa, H. 1998. Maternal 
inheritance of mouse mtDNA in interspecific hybrids: segregation of the leaked paternal 
mtDNA followed by the prevention of subsequent paternal leakage. Genetics, 148(2), 851–
857. 
 
Shrivastava, P., Dash, H.R., Lorente, J.A., Imam, J. (Eds.), 2020. Forensic DNA Typing: 
Principles, Applications and Advancements. 
 
Shugar, D. H., Walker, I. J., Lian, O. B., Eamer, J. B. R., Neudorf, C., McLaren, D., Fedje, D. 
(2014). Post-glacial sea-level change along the Pacific coast of North America. Quaternary 
Science Reviews, 97, 170–192. 
 
Sicoli, M. A., Holton, G. 2014. Linguistic Phylogenies Support Back-Migration from 
Beringia to Asia. PLOS ONE, 9(3), e91722.  
 
Sievert C. 2018. plotly for R. Available from: https://plotly-r.com 
 
Silva, M.A.C. e, Ferraz, T., Bortolini, M.C., Comas, D., Hünemeier, T., 2021. Deep genetic 
affinity between coastal Pacific and Amazonian natives evidenced by Australasian ancestry. 
PNAS 118.  
 
Simão, F., Strobl, C., Vullo, C., Catelli, L., Machado, P., Huber, N., Schnaller, L., Huber, G., 
Xavier, C., Carvalho, E.F., Gusmão, L., Parson, W., 2019. The maternal inheritance of Alto 
Paraná revealed by full mitogenome sequences. Forensic Science International: Genetics 39, 
66–72.  
 
Simonsen, K. L., Churchill, G. A., Aquadro, C. F. 1995. Properties of statistical tests of 
neutrality for DNA polymorphism data. Genetics, 141(1), 413–429. 
 
Skoglund, P., Mallick, S., Bortolini, M. C., Chennagiri, N., Hünemeier, T., Petzl-Erler, M. L., 
Reich, D. 2015. Genetic evidence for two founding populations of the Americas. Nature, 
525(7567), 104–108. 
 
Skoglund, P., Mallick, S., Bortolini, M.C., Chennagiri, N., Hünemeier, T., Petzl-Erler, M.L., 
Salzano, F.M., Patterson, N., Reich, D., 2015. Genetic evidence for two founding populations 
of the Americas. Nature 525, 104–108.  
 
Skoglund, P., Posth, C., Sirak, K., Spriggs, M., Valentin, F., Bedford, S., Reich, D. 2016. 
Genomic insights into the peopling of the Southwest Pacific. Nature, 538(7626), 510–513. 
 
Skoglund, P., Posth, C., Sirak, K., Spriggs, M., Valentin, F., Bedford, S., Clark, G., 
Reepmeyer, C., Petchey, F., Fernandes, D., Fu, Q., Harney, E., Lipson, M., Mallick, S., 
Novak, M., Rohland, N., Stewardson, K., Abdullah, S., Cox, M.P., Friedlaender, F.R., 
Bibliography            
 
193 
Friedlaender, J.S., Kivisild, T., Koki, G., Kusuma, P., Merriwether, D.A., Ricaut, F.-X., Wee, 
J.T.S., Patterson, N., Krause, J., Pinhasi, R., Reich, D., 2016. Ancient Genomics and the 
Peopling of the Southwest Pacific. Nature 538, 510–513.  
 
Skoglund, P., Reich, D. 2016. A genomic view of the peopling of the Americas. Current 
Opinion in Genetics Development, 41, 27–35.  
 
Slatkin, M., Racimo, F. 2016. Ancient DNA and human history. Proceedings of the National 
Academy of Sciences of the United States of America, 113(23), 6380–6387.  
 
Soares, P., Rito, T., Trejaut, J., Mormina, M., Hill, C., Tinkler-Hundal, E., Braid, M., Clarke, 
D.J., Loo, J.-H., Thomson, N., Denham, T., Donohue, M., Macaulay, V., Lin, M., 
Oppenheimer, S., Richards, M.B., 2011. Ancient Voyaging and Polynesian Origins. The 
American Journal of Human Genetics 88, 239–247.  
 
Soni, V., Vos, M., Eyre-Walker, A., 2021. A new test suggests that balancing selection 
maintains hundreds of non-synonymous polymorphisms in the human genome. bioRxiv 
2021.02.08.430226.  
 
Sonneborn, L., 2006. Chronology of American Indian History. New York. 
 
Steeves, P.F.C., 2021. The Indigenous Paleolithic of the Western Hemisphere. Lincoln. 
 
Stewart, J.B., 2021. Current progress with mammalian models of mitochondrial DNA disease. 
Journal of Inherited Metabolic Disease 44, 325–342.  
 
Stewart, J.B., Chinnery, P.F., 2021. Extreme heterogeneity of human mitochondrial DNA 
from organelles to populations. Nat Rev Genet 22, 106–118.  
 
Stoneking, M., Sherry, S. T., Redd, A. J., Vigilant, L. 1992. New approaches to dating suggest 
a recent age for the human mtDNA ancestor. Philosophical Transactions of the Royal Society 
of London. Series B, Biological Sciences, 337(1280), 167–175.  
 
Storey, A. A., Ramírez, J. M., Quiroz, D., Burley, D. V., Addison, D. J., Walter, R., Matisoo-
Smith, E. A. 2007. Radiocarbon and DNA evidence for a pre-Columbian introduction of 
Polynesian chickens to Chile. Proceedings of the National Academy of Sciences, 104(25), 
10335–10339.  
 
Strandberg AKK, Salter LA. 2004. A comparison of methods for estimating the 
transition:transversion ratio from DNA sequences. Mol Phylogenet Evol 32:495–503. 
Strauss, A., 2016. Early burials had mutilation rituals. Nature 540, 172–172. 
 
Stroeven, A. P., Fabel, D., Margold, M., Clague, J. J., Xu, S. 2014. Investigating absolute 
chronologies of glacial advances in the NW sector of the Cordilleran Ice Sheet with terrestrial 
in situ cosmogenic nuclides. Quaternary Science Reviews, 92, 429–443.  
 
Suarez, R., Ardelean, C.F. (Eds.), 2019. People and Culture in Ice Age Americas: New 
Dimensions in Paleoamerican Archaeology. Salt Lake City. 
 
Bibliography            
 
194 
Suchard MA, Lemey P, Baele G, Ayres DL, Drummond AJ, Rambaut A. 2018. Bayesian 
phylogenetic and phylodynamic data integration using BEAST 1.10.  
 
Sun G, McGarvey ST, Bayoumi R, Mulligan CJ, Barrantes R, Raskin S, Zhong Y, Akey J, 
Chakraborty R, Deka R. 2003. Global genetic variation at nine short tandem repeat loci and 
implications on forensic genetics. Eur J Hum Genet 11:39–49. 
 
Sun, J., Wei, L.-H., Wang, L.-X., Huang, Y.-Z., Yan, S., Cheng, H.-Z., Ong, R.T.-H., Saw, W.-
Y., Fan, Z.-Q., Deng, X.-H., Lu, Y., Zhang, C., Xu, S.-H., Jin, L., Teo, Y.-Y., Li, H., 2021. 
Paternal gene pool of Malays in Southeast Asia and its applications for the early expansion of 
Austronesians. American Journal of Human Biology 33, e23486.  
 
Sun, N., Ma, P.-C., Yan, S., Wen, S.-Q., Sun, C., Du, P.-X., Cheng, H.-Z., Deng, X.-H., Wang, 
C.-C., Wei, L.-H., 2019. Phylogeography of Y-chromosome haplogroup Q1a1a-M120, a 
paternal lineage connecting populations in Siberia and East Asia. Annals of Human Biology 
46, 261–266.  
 
Sun, X., Wen, S., Lu, C., Zhou, B., Curnoe, D., Lu, H., Li, Hong-chun, Wang, W., Cheng, H., 
Yi, S., Jia, X., Du, P., Xu, X., Lu, Yi-ming, Lu, Ying, Zheng, H., Zhang, H., Sun, C., Wei, L., 
Han, F., Huang, J., Edwards, R.L., Jin, L., Li, Hui, 2021. Ancient DNA and multimethod 
dating confirm the late arrival of anatomically modern humans in southern China. PNAS 118.  
 
Szpiech, Z.A., Rosenberg, N.A., 2011. On the size distribution of private microsatellite 
alleles. Theor Popul Biol 80, 100–113.  
Tajima, F. 1989. Statistical method for testing the neutral mutation hypothesis by DNA 
polymorphism. Genetics, 123(3), 585–595. 
 
Talarico, L., Marta, S., Rossi, A.R., Crescenzo, S., Petrosino, G., Martinoli, M., Tancioni, L., 
2021. Balancing selection, genetic drift, and human-mediated introgression interplay to shape 
MHC (functional) diversity in Mediterranean brown trout. Ecology and Evolution 11, 10026–
10041.  
 
Tambets, K., Yunusbayev, B., Hudjashov, G., Ilumäe, A.-M., Rootsi, S., Honkola, T., 
Vesakoski, O., Atkinson, Q., Skoglund, P., Kushniarevich, A., Litvinov, S., Reidla, M., 
Metspalu, E., Saag, L., Rantanen, T., Karmin, M., Parik, J., Zhadanov, S.I., Gubina, M., 
Damba, L.D., Bermisheva, M., Reisberg, T., Dibirova, K., Evseeva, I., Nelis, M., Klovins, J., 
Metspalu, A., Esko, T., Balanovsky, O., Balanovska, E., Khusnutdinova, E.K., Osipova, L.P., 
Voevoda, M., Villems, R., Kivisild, T., Metspalu, M., 2018. Genes reveal traces of common 
recent demographic history for most of the Uralic-speaking populations. Genome Biology 19, 
139.  
 
Tamm E, Kivisild T, Reidla M, Metspalu M, Smith DG, Mulligan CJ, Bravi CM, Rickards O, 
Martinez-Labarga C, Khusnutdinova EK, Fedorova SA, Golubenko MV, Stepanov VA, 
Gubina MA, Zhadanov SI, Ossipova LP, Damba L, Voevoda MI, Dipierri JE, Villems R, 





Bibliography            
 
195 
Tamm, E., Kivisild, T., Reidla, M., Metspalu, M., Smith, D.G., Mulligan, C.J., Bravi, C.M., 
Rickards, O., Martinez-Labarga, C., Khusnutdinova, E.K., Fedorova, S.A., Golubenko, M.V., 
Stepanov, V.A., Gubina, M.A., Zhadanov, S.I., Ossipova, L.P., Damba, L., Voevoda, M.I., 
Dipierri, J.E., Villems, R., Malhi, R.S., 2007a. Beringian Standstill and Spread of Native 
American Founders. PLOS ONE 2, e829.  
 
Tamm, E., Kivisild, T., Reidla, M., Metspalu, M., Smith, D.G., Mulligan, C.J., Bravi, C.M., 
Rickards, O., Martinez-Labarga, C., Khusnutdinova, E.K., Fedorova, S.A., Golubenko, M.V., 
Stepanov, V.A., Gubina, M.A., Zhadanov, S.I., Ossipova, L.P., Damba, L., Voevoda, M.I., 
Dipierri, J.E., Villems, R., Malhi, R.S., 2007b. Beringian Standstill and Spread of Native 
American Founders. PLOS ONE 2, e829.  
 
Taneri, B., Asilmaz, E., Delikurt, T., Savas, P., Targen, S., Esemen, Y., 2020. Human Genetics 
and Genomics: A Practical Guide. 
 
Tassi, F., Ghirotto, S., Mezzavilla, M., Vilaça, S.T., De Santi, L., Barbujani, G., 2015. Early 
modern human dispersal from Africa: genomic evidence for multiple waves of migration. 
Investig Genet 6, 13.  
 
Teixeira, J.C., Jacobs, G.S., Stringer, C., Tuke, J., Hudjashov, G., Purnomo, G.A., Sudoyo, H., 
Cox, M.P., Tobler, R., Turney, C.S.M., Cooper, A., Helgen, K.M., 2021. Widespread 
Denisovan ancestry in Island Southeast Asia but no evidence of substantial super-archaic 
hominin admixture. Nat Ecol Evol 5, 616–624.  
 
Templeton AR. 2006. Population Genetics and Microevolutionary Theory. John Wiley Sons. 
 
Thomas, N., 2021. Voyagers: The Settlement of the Pacific. New York. 
 
Thompson JD, Higgins DG, Gibson TJ. 1994. CLUSTAL W: improving the sensitivity of 
progressive multiple sequence alignment through sequence weighting, position-specific gap 
penalties and weight matrix choice. Nucleic Acids Res 22:4673–4680. 
 
Thompson, C., 2019. Sea People: The Puzzle of Polynesia. New York, NY. 
 
Tierney, J. E., deMenocal, P. B., Zander, P. D. 2017. A climatic context for the out-of-Africa 
migration. Geology, 45(11), 1023–1026.  
 
Tierney, J.E., deMenocal, P.B., Zander, P.D., 2017. A climatic context for the out-of-Africa 
migration. Geology 45, 1023–1026.  
 
Timmermann, A., Friedrich, T. 2016. Late Pleistocene climate drivers of early human 
migration. Nature, 538(7623), 92–95.  
 
Torkashvand, M., Neshat, A., Javadi, S., Yousefi, H., 2021. DRASTIC framework 
improvement using Stepwise Weight Assessment Ratio Analysis (SWARA) and combination 
of Genetic Algorithm and Entropy. Environ Sci Pollut Res 28, 46704–46724 
 
Torroni, A., Neel, J.V., Barrantes, R., Schurr, T.G., Wallace, D.C., 1994. Mitochondrial DNA 
“clock” for the Amerinds and its implications for timing their entry into North America. Proc. 
Natl. Acad. Sci. U.S.A. 91, 1158–1162.  
Bibliography            
 
196 
Trancho, G. 2012. Los cuerpos del pasado: momificación natural y artificial. 
 
Treangen, T. J., Salzberg, S. L. 2011. Repetitive DNA and next-generation sequencing: 
computational challenges and solutions. Nature Reviews. Genetics, 13(1), 36–46. 
 
Trethowan, L.A., 2021. Could the environment limit dispersal between Sunda and Sahul? 
Journal of Vegetation Science 32, e12978.  
 
Tyler-Smith, C. 2014. Human Genetics: Pre-Columbian Pacific Contact. Current Biology, 
24(21), R1038–R1040.  
 
Vai, S., Sarno, S., Lari, M., Luiselli, D., Manzi, G., Gallinaro, M., Mataich, S., Hübner, A., 
Modi, A., Pilli, E., Tafuri, M.A., Caramelli, D., di Lernia, S., 2019. Ancestral mitochondrial N 
lineage from the Neolithic ‘green’ Sahara. Sci Rep 9, 3530.  
 
van Holst Pellekaan Sheila M., Ingman Max, Roberts‐Thomson June, Harding Rosalind M. 
2006. Mitochondrial genomics identifies major haplogroups in Aboriginal Australians. 
American Journal of Physical Anthropology, 131(2), 282–294. 
 
van Holst Pellekaan, S. 2013. Genetic evidence for the colonization of Australia. Quaternary 
International, 285(Supplement C), 44–56.  
 
van Holst Pellekaan, S., 2013. Genetic evidence for the colonization of Australia. Quaternary 
International, Peopling the last new worlds: the first colonisation of Sahul and the Americas 
285, 44–56.  
 
Vergara, I. A., Villouta, P., Herrera, S., Melo, F. 2012. Autosomal STR allele frequencies for 
the CODIS system from a large random population sample in Chile. Forensic Science 
International: Genetics, 6(3), e83–e85.  
 
Vernot, B., Tucci, S., Kelso, J., Schraiber, J.G., Wolf, A.B., Gittelman, R.M., Dannemann, M., 
Grote, S., McCoy, R.C., Norton, H., Scheinfeldt, L.B., Merriwether, D.A., Koki, G., 
Friedlaender, J.S., Wakefield, J., Pääbo, S., Akey, J.M., 2016. Excavating Neandertal and 
Denisovan DNA from the genomes of Melanesian individuals. Science 352, 235–239.  
 
Veth, P., Ward, I., Manne, T., Ulm, S., Ditchfield, K., Dortch, J., Kendrick, P. 2017. Early 
human occupation of a maritime desert, Barrow Island, North-West Australia. Quaternary 
Science Reviews, 168, 19–29. 
 
Vizzari, M.T., Benazzo, A., Barbujani, G., Ghirotto, S., 2020. A Revised Model of 
Anatomically Modern Human Expansions Out of Africa through a Machine Learning 
Approximate Bayesian Computation Approach. Genes (Basel) 11.  
 
Wagih, O., 2017. ggseqlogo: a versatile R package for drawing sequence logos. 
Bioinformatics 33, 3645–3647.  
 
Walker, M., Johnsen, S., Rasmussen, S. O., Popp, T., Steffensen, J.-P., Gibbard, P., 
Schwander, J. 2009. Formal definition and dating of the GSSP (Global Stratotype Section and 
Point) for the base of the Holocene using the Greenland NGRIP ice core, and selected 
auxiliary records. Journal of Quaternary Science, 24(1), 3–17. 
Bibliography            
 
197 
 Wallin, P., 2020. Native South Americans were early inhabitants of Polynesia. Nature 583, 
524–525.  
 
Wang R, Zheng L, Touré YT, Dandekar T, Kafatos FC. 2001. When genetic distance matters: 
Measuring genetic differentiation at microsatellite loci in whole-genome scans of recent and 
incipient mosquito species. PNAS 98:10769–10774. 
 
Wang, S., Jr, C.M.L., Jakobsson, M., Ramachandran, S., Ray, N., Bedoya, G., Rojas, W., 
Parra, M.V., Molina, J.A., Gallo, C., Mazzotti, G., Poletti, G., Hill, K., Hurtado, A.M., 
Labuda, D., Klitz, W., Barrantes, R., Bortolini, M.C., Salzano, F.M., Petzl-Erler, M.L., 
Tsuneto, L.T., Llop, E., Rothhammer, F., Excoffier, L., Feldman, M.W., Rosenberg, N.A., 
Ruiz-Linares, A., 2007. Genetic Variation and Population Structure in Native Americans. 
PLOS Genetics 3, e185.  
 
Wasef, S., Wright, J.L., Adams, S., Westaway, M.C., Flinders, C., Willerslev, E., Lambert, D., 
2020. Insights Into Aboriginal Australian Mortuary Practices: Perspectives from Ancient 
DNA. Frontiers in Ecology and Evolution 8, 217.  
 
Waters, M. R. 2019. Late Pleistocene exploration and settlement of the Americas by modern 
humans. Science, 365(6449), eaat5447.  
 
Waters, M. R., Stafford, T. W. 2007. Redefining the Age of Clovis: Implications for the 
Peopling of the Americas. Science, 315(5815), 1122–1126.  
 
Waters, M.R., 2019. Late Pleistocene exploration and settlement of the Americas by modern 
humans. Science 365.  
Wegman E.J, Luo Q. 2002. On Methods of Computer Graphics for Visualizing Densities. 
Journal of Computational and Graphical Statistics 11:137–162. 
 
Wei, W., Chinnery, P.F., 2020. Inheritance of mitochondrial DNA in humans: implications for 
rare and common diseases. Journal of Internal Medicine 287, 634–644.  
 
Wei, W., Tuna, S., Keogh, M.J., Smith, K.R., Aitman, T.J., Beales, P.L., Bennett, D.L., Gale, 
D.P., Bitner-Glindzicz, M.A.K., Black, G.C., Brennan, P., Elliott, P., Flinter, F.A., Floto, R.A., 
Houlden, H., Irving, M., Koziell, A., Maher, E.R., Markus, H.S., Morrell, N.W., Newman, 
W.G., Roberts, I., Sayer, J.A., Smith, K.G.C., Taylor, J.C., Watkins, H., Webster, A.R., Wilkie, 
A.O.M., Williamson, C., Diseases, N.B.-R., 100, 000 Genomes Project-Rare Diseases Pilot, 
Ashford, S., Penkett, C.J., Stirrups, K.E., Rendon, A., Ouwehand, W.H., Bradley, J.R., 
Raymond, F.L., Caulfield, M., Turro, E., Chinnery, P.F., 2019. Germline selection shapes 
human mitochondrial DNA diversity. Science 364. 
 
Weissensteiner, H., Pacher, D., Kloss-Brandstätter, A., Forer, L., Specht, G., Bandelt, H.-J., 
Kronenberg, F., Salas, A., Schönherr, S., 2016. HaploGrep 2: mitochondrial haplogroup 
classification in the era of high-throughput sequencing. Nucleic Acids Res 44, W58-63. 
 
Whitfield, J., 2011. Phylogenetic Networks: Concepts, Algorithms and Applications. 
Systematic Biology 61, 176–177.  
 
Wickham H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York.  
 
Bibliography            
 
198 
Wickham, H., 2010. ggplot2: Elegant Graphics for Data Analysis. New York. 
 
Willerslev, E., Meltzer, D.J., 2021. Peopling of the Americas as inferred from ancient 
genomics. Nature 594, 356–364.  
 
Williams A.N, Ulm S, Turney C.S.M, Rohde D, White G. 2015. Holocene Demographic 
Changes and the Emergence of Complex Societies in Prehistoric Australia. PLOS ONE 10: 
e0128661. 
 
Williams P.L, Warwick R, Dyson M, Bannister L.H. 1989. Gray’s Anatomy 37th. England: 
Churchill Livingstone. 
 
Witas, H.W., Tomczyk, J., Jędrychowska-Dańska, K., Chaubey, G., Płoszaj, T., 2013. mtDNA 
from the Early Bronze Age to the Roman Period Suggests a Genetic Link between the Indian 
Subcontinent and Mesopotamian Cradle of Civilization. PLOS ONE 8, e73682.  
 
Wolf, A.B., Akey, J.M., 2018. Outstanding questions in the study of archaic hominin 
admixture. PLoS Genet 14, e1007349.  
 
Wollstein, A., Lao, O., Becker, C., Brauer, S., Trent, R. J., Nürnberg, P., Kayser, M. 2010. 
Demographic History of Oceania Inferred from Genome-wide Data. Current Biology, 20(22), 
1983–1992.  
 
Wu, K.J., 2020. Modern Humans May Have More Neanderthal DNA Than Previously 
Thought. Smithsonian Magazine. URL https://www.smithsonianmag.com/smart-news/new-
research-expands-neanderthals-genetic-legacy-modern-humans-180974099. 
 
Yang, Z. 1994. Maximum likelihood phylogenetic estimation from DNA sequences with 
variable rates over sites: Approximate methods. Journal of Molecular Evolution, 39(3), 306–
314.  
 
Yang, Z., Zhu, T., 2018. Bayesian selection of misspecified models is overconfident and may 
cause spurious posterior probabilities for phylogenetic trees. PNAS 115, 1854–1859.  
 
Yao, H., Wang, M., Zou, X., Li, Y., Yang, X., Li, A., Yeh, H.-Y., Wang, P., Wang, Z., Bai, J., 
Guo, J., Chen, J., Ding, X., Zhang, Y., Lin, B., Wang, C.-C., He, G., 2021. New insights into 
the fine-scale history of western-eastern admixture of the northwestern Chinese population in 
the Hexi Corridor via genome-wide genetic legacy. Mol Genet Genomics 296, 631–651.  
 
Yon, G.G.V., Thomas, D.C., Morrison, J., Mi, H., Thomas, P.D., Marjoram, P., 2021. 
Bayesian parameter estimation for automatic annotation of gene functions using observational 
data and phylogenetic trees. PLOS Computational Biology 17, e1007948 
 
Young, R.A., Gordon, L.M., Owen, L.A., Huot, S., Zerfas, T.D., 2020. Evidence for a late 
glacial advance near the beginning of the Younger Dryas in western New York State: An 
event postdating the record for local Laurentide ice sheet recession. Geosphere 17, 271–305.  
 
Zar, M.S., Aslamkhan, M., 2020. Ancient DNA Analysis and Its Relevance in Forensic DNA 
Fingerprinting, in: Shrivastava, P., Dash, H.R., Lorente, J.A., Imam, J. (Eds.), Forensic DNA 
Typing: Principles, Applications and Advancements. Springer, Singapore, pp. 137–151.  
Bibliography            
 
199 
Zhivotovsky, L.A., Rosenberg, N.A., Feldman, M.W., 2003. Features of Evolution and 
Expansion of Modern Humans, Inferred from Genomewide Microsatellite Markers. Am J 
Hum Genet 72, 1171–1186. 
 
Zhou, Y., Fang, Y., Jin, X., Cui, W., Lan, Q., Xie, T., Zhu, B., 2021. Haplotype diversity and 
phylogenetic relationship analysis of Chinese Yulin Han population using 59 Y-STR loci of 
two novel Y-STR typing systems. Legal Medicine 50, 101871.  
 
Zubova, A.V., Chikisheva, T.A., Shunkov, M.V., 2017. The Morphology of Permanent Molars 
from the Paleolithic Layers of Denisova Cave. Archaeology, Ethnology & Anthropology of 









7.1 Data sheets on individuals from Oceania 
 
Sample ID: 28:19  
Morphological sex: ♂  
Region: Oceania       
Subregion: Polynesia   
Country: New Zealand 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 






















Sample ID: 80:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia  
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 438:10  
Morphological sex: ♀ 
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 439:10  
Morphological sex: ♀  
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 470:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia 
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 79:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 162:10 
Morphological sex: ♀ 
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 10:19  
Morphological sex: ♂  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 19:10 
Morphological sex: ♀  
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Mussau Island, St. Mathias Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 443:10   
Morphological sex: ♀  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 440:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia 
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 14:10  
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia 
Country: Mussau Island, St. Mathias Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 15:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismarck Archipelago, Melanesia 
Country: Mussau Island, St. Mathias Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 29:19  
Morphological sex: ♂  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID:  22:22 
Morphological sex: ♀ 
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia 
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 23:22 
Morphological sex: ♀ 
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia  
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 24:22 
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia 
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 25:22 
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia  
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 26:19  
Morphological sex: ♀  
Region: Oceania       
Subregion: Melanesia 
Country: Salomon Island 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 20:10  
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismarck Archipelago, Melanesia 
Country: Mussau Island, St. Mathias Islands  
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 27:22  
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismark Archipelago, Papua New Guinea, Melanesia  
Country: New Pomerania 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 10:14 
Morphological sex: ♂ 




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 259:10  
Morphological sex: ♀ 
Region: Oceania       
Subregion: Bismarck Archipelago, Melanesia 
Country: Admiralty Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 260:10  
Morphological sex: ♂ 
Region: Oceania       
Subregion: Bismarck Archipelago, Melanesia 
Country: Admiralty Island 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 17:10  
Morphological sex: ♂  
Region: Oceania       
Subregion: Bismark Archipelago, Melanesia  
Country: Mussau Island, St. Mathias Islands 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 268:10 
Morphological sex: ♀  
Region: Oceania       
Subregion: Unknown 
Country: Unknown  
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 284:10 
Morphological sex: ♂  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 16:10  
Morphological sex: ♂  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 19:19  
Morphological sex: ♀ 




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 21:19  
Morphological sex: ♂   




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 116:10  
Morphological sex: ♀ 




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 117:10  
Morphological sex: ♂  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 120:10  
Morphological sex: ♀  




Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 




























Sample ID: 121:10 
Morphological sex: ♀  




Genetic profile: Heptaplex  
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 








Appendix                     
 
234 
7.2 Data sheets on individuals from South America 
 
Sample ID: B3694  
Morphological sex:  ♂     
Region: America     
Subregion: South America   
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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235 
Sample ID: 13:15  
Morphological sex: ♂  
Region: America       
Subregion: South America  
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
236 
Sample ID: 18:15  
Morphological sex: ♂ 
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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237 
Sample ID: 1:31  
Morphological sex: ♂ 
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
238 
Sample ID: 22:20  
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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239 
Sample ID: 23:20  
Morphological sex: ♀  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
240 
Sample ID: 6:29 
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
241 
Sample ID: 15:24  
Morphological sex: ♀  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
242 
Sample ID: 4:30 
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
243 
Sample ID: B2443   
Morphological sex: ♂ 
Region: America       
Subregion: South America   
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
244 
Sample ID: 10:2016  
Morphological sex: ♀  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
245 
Sample ID: 12:2016  
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Venezuela 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
246 
Sample ID: 44:2016  
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Chile 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
247 
Sample ID: 45:2016  
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Chile 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/7 -/- -/- 
 























Appendix                     
 
248 
Sample ID:  45:19 
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Venezuela 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 























Appendix                     
 
249 
Sample ID: 35:87:05 
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Chile 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
250 
Sample ID: 7:14 
Morphological sex: ♂ 
Region: America       
Subregion: South America 
Country: Brasil 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
251 
Sample ID: 7:6 
Morphological sex: ♂ 
Region: America       
Subregion: South America, 
Country: Peru 
 
Genetic profile: Heptaplex 
 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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252 
Sample ID: 8:6  
Morphological sex: ♀  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
253 
Sample ID: 9:6 
Morphological sex: ♀ 
 Region: America       
Subregion: South America 
Country: Brasil  
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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254 
Sample ID: 14:15 
Morphological sex: ♀ 
Region: America       
Subregion: South America  
Country: Brasil 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 























Appendix                     
 
255 
Sample ID: 16:15 
Morphological sex: ♂ 
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 






















Appendix                     
 
256 
Sample ID: 120:05  
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Chile 
 
Genetic profile: Heptaplex 
 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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257 
Sample ID: 10:15 
Morphological sex: ♀ 
Region: America       
Subregion: South America 
Country: Bolivia 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 























Appendix                     
 
258 
Sample ID: 30:19  
Morphological sex: ♀ 
Region: America       
Subregion: South America  
Country: Chile 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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259 
Sample ID: 11:15 
Morphological sex: ♀  
Region: America       
Subregion: South America 
Country: Bolivia 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
260 
Sample ID: 12:15 
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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261 
Sample ID: 15:15  
Morphological sex: ♂  
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 

























Appendix                     
 
262 
Sample ID: 17:15  
Morphological sex: ♂ 
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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263 
Sample ID: 110:1880  
Morphological sex: ♂   
Region: America       
Subregion: South America 
Country: Peru 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 











Appendix                     
 
264 
7.3 Data sheets on individuals from Panama 
 
Sample ID: Tü:55: T:52 AG3 w. trench burial 
Morphological sex:  Ø     
Region: America     
Subregion: Central America   
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 





















Appendix                     
 
265 
Sample ID: Tü:56: T:45 AG3 A-4  
Morphological sex: Ø   
Region: America       
Subregion: Central America  
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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266 
Sample ID: Tü:57: T:47 AG3 B-7  
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 




Appendix                     
 
267 
Sample ID: Tü:58: T:46 AG3 B-3  
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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268 
Sample ID: Tü:59: T:44 AG3 A-2 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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269 
Sample ID: Tü:60: T:51 AG3 B-20 
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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270 
Sample ID: Tü:61: T:50 AG3 B-16 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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271 
Sample ID: Tü:62: T:49 AG3 B-13 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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272 
Sample ID: Tü:63: T:43 AG3 A-1  
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 







Appendix                     
 
273 
Sample ID: Tü:64: T:48 AG3 B-8 
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 







Appendix                     
 
274 
Sample ID: Tü:65: T:5 CJD Op.3, T.87 Ind. 33 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 






















Sample ID:  Tü:66: T:7 CJD U.3 T.115 Ind.44 
 
Appendix                     
 
275 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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276 
Sample ID: Tü:67: T:3 CJD U.3-Sub. U.8 T.82 Ind.15 
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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277 
Sample ID: Tü:68: T.2 CJD U.3-Sub. 9 T.74 Ind.20 H-1 
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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278 
Sample ID: Tü:69: T:1 CJD Op.3 T.73 I.17 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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279 
Sample ID: Tü:70: T:6 CJD Op.3 T.90 I.34 
Morphological sex: Ø  
Region: America       
Subregion: Central America, 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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280 
Sample ID: Tü:71: T:8 CJD Op.3 T.115 I.39 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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281 
Sample ID: Tü:72: T:9 CJD Op.31-95 E1-I1 tr-1 stratum 1 packet Z 
Morphological sex: Ø 
 Region: America       
Subregion: Central America 
Country: Panama  
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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282 
Sample ID: Tü:73: T:10 CJD Op.3 R1.I.1 
Morphological sex: Ø 
Region: America       
Subregion: Central America  
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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283 
Sample ID: Tü:74: T:4 CJD U.3, T.87 second level Ind.31 CH 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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284 
Sample ID: Tü:109: T:53 CO-40 Ind.6A  
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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285 
Sample ID: Tü:110: T:11 CJD Op.3 T.2 Pkt.2 Skull A 
Morphological sex: Ø 
Region: America       
Subregion: Central America 
Country: Panama 
 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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286 
Sample ID: Tü:111: T:12 CJD Op.3 T.2 Pkt.2 Skull D 
Morphological sex: Ø 
Region: America       
Subregion: Central America  
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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287 
Sample ID: Tü:112: T:14 CJD Op.3 T.2 Pkt.2 Skull F 
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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288 
Sample ID: Tü:113: T:13 CJD Op.3 T.2 Pkt.2 Skull E 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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289 
Sample ID: Tü:114: T:15 CJD Op.3 T.2 Pkt.2 Skull G 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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290 
Sample ID: Tü:115: T:17 CJD Op.3 T.2 Pkt.2 Skull H.24  
Morphological sex: Ø  
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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291 
Sample ID: Tü:116: T:18 CJD Op.3 T.2 Pkt.2 Skull H.82  
Morphological sex: Ø    
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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292 
Sample ID: Tü:117: T:16 CJD Op.3 T.2 Pkt.2 Skull H 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
293 
Sample ID: Tü:118: T:19 CJD Op.3 T.2 Pkt.2 Skull I 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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294 
Sample ID: Tü:119: T:27 CJD Op.3 T.2 U.3 Pkt.10 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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295 
Sample ID: Tü:120: T:21 CJD Op.3 T.2 Pkt.4 Skull H.156 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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296 
Sample ID: Tü:121: T:23 CJD Op.3 T.2 Pkt. 8 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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297 
Sample ID: Tü:122: T:29 CJD Op.3 T.2 Pkt. 13 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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298 
Sample ID: Tü:123: T:26 CJD Op.3 T.2 U.3 Pkt.1 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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299 
Sample ID: Tü:124: T:25 CJD Op.3 T.2 Pkt. 9 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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300 
Sample ID: Tü:125: T:28 CJD Op. 3 T.2 U. 3 Pkt.11-12 H281 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 












Appendix                     
 
301 
Sample ID: Tü:126: T:30 CJD Op.3 T.2 U.3 Pkt.5 H.120 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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302 
Sample ID: Tü:127: T:24 CJD Op.3 T.2 Pkt.8 Skull H.62 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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303 
Sample ID: Tü:128: T:22 CJD Op.3 T.2 Pkt.6 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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304 
Sample ID: Tü:129: T:20 CJD Op.3 T.2 U. 3 Pkt.4 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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305 
Sample ID: Tü:130: T:31 CJD Op.3 T.16 Skull 11- 3570 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
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Sample ID: Tü:131: T :41 CJD Op.3 T.16 Skull 13- 3431 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 





















Appendix                     
 
307 
Sample ID: Tü:132: T:40 CJD Op.3 T.16 No-No 2Y10 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 








Appendix                     
 
308 
Sample ID: Tü:133: T:33 CJD Op.3 T.16 Skull 3- 3621 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 







Appendix                     
 
309 
Sample ID: Tü:134: T:32 CJD Op.3 T.16 Skull 14- 3570/3698 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 
 








Appendix                     
 
310 
Sample ID: Tü:135: T:34 CJD Op.3 T.16 Skull 17- 3794 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
311 
Sample ID: Tü:136: T:39 CJD Op.3 T.16 Skull 1- 3170 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 









Appendix                     
 
312 
Sample ID: Tü:137: T:37 CJD Op.3 T.16 H.191- 3456 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 








Appendix                     
 
313 
Sample ID: Tü:138: T:35 CJD Op.3 T.16 Skull 7- 3781 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
314 
Sample ID: Tü:139: T:42 CJD Op.3 T.16 Skull 20- 3141 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 








Appendix                     
 
315 
Sample ID: Tü:140: T:38 CJD Op.3 T.16 Skull 16- 3629 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
316 
Sample ID: Tü:141: T:36 CJD Op.3 T.16 Skull 10- 3505 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 










Appendix                     
 
317 
Sample ID: Tü:142: T:54 PG-PDB L-20 K17 N16 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 








Appendix                     
 
318 
Sample ID: Tü:143: T:55 PG-PDB L-20 J17 N22 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
-/- -/- -/- -/- -/- -/- -/- 
 






Appendix                     
 
319 
Sample ID: 415: T:3 CJD Op. 7 R 15 Ind.  415 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 









Appendix                     
 
320 
Sample ID: 573 CJD Op. 31-95 P.H.13 Bag # 573 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 









Appendix                     
 
321 
Sample ID: 2948: CJD Op. 3 P.H. 88 2948 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 








Appendix                     
 
322 
Sample ID: 5015: CJD Op. 3 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
323 
Sample ID: 5052: CJD Op.3 P.H. 95 5052 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama  
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 









Appendix                     
 
324 
Sample ID: 5127: CJD Op. 3 P.H. 94 5127 
Morphological sex: Ø   
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz 
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 










Appendix                     
 
325 
Sample ID: CA:3_BT CA-3 burial 6H 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz  
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 






Appendix                     
 
325 
Sample ID: CA:3_BT CA-3 burial 6H 
Region: America       
Subregion: Central America 
Country: Panama 
Archaeological site: Cerro Juan Díaz  
 
Genetic profile: Heptaplex 
Amelogenin D13S317 D21S11 D18S51 TH01 D5S818 FGA 
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